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Preface 



The development of new and renewable sources of energy has become 
a matter of priority in many countries all over the world. In particular, 
increased attention has been paid to the development of micro, mini and 
Bmall-scale hydro power generation units which could under certain cir- 
cumstances appropriately contribute to industrial and economic develop- 
ment of rural and remote areas. 

In places where limited hydro power is available, mini hydro power 
generation units (MHG) constitute a readily accessible source of renewable 
energy* They use proven technologies that in many cases need only adap- 
tation, retjuire limited investment and obviate excessive transmission 
costs. 

As part of its programme of Action in Appropriate Industrial Techno- 
logy, UKIDO has been actively involved in promotion of MHG development 
and application in developing countries. It has organised three projects 
related to this subject: 

1. Group Study Tour to the People's Republic of China in the 
Field of Medium and Small -Scale Hydro-Power Plants, 

14 May - 2 June 1979 1 

2. Seminar-Workshop on the Exchange of Experiences and Technology 
Transfer on Mini Hydro Electric Generation Units, kathmandu, 
Nepal, 10-14 September 1979, and 

3. Second Seminar— Workshop/Study Tour in the Development and 
Application of Technology for Mini Hydro-Power Generation, 
17 October - 2 November at Hangzhou, P.R. China, and 

3-7 November I960 at Manila, Rep. Philippines. 

The Seminar-Workshop in Nepal, recommended that UKTDO encourage 
the preparation of manuals providing guidelines for the development of 
mini hydro-power generation units in developing countries. 

As a first step, it was considered useful to prepa.T^ a manual on 
MHG for the guidance of decision-makers in this field, at central or 
regional government level ar at the planning and project implementation 
levels. The manual is intended as a working tool tc help decision-making 
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on the establishment of small and mini hydro power stations and the 
formulation of comprehensive and coherent policies and programme for 
this purpose. 

The preparation of this Manual was made possible by the financial 
support of the Swedish International Development Agency (SIDA). 

Hie Manual was prepared by OLADE. under the general leadership 
of Mr- G. Rodriguez Elizarraras, Executive Secretary of OLADE, through a 
group of its experts, Mr* C.A. Hernandez, Mr. L.E. Machado and Mr* LA. 
Suarez with Mr. Enrique Indacochea, Head, Regional Programme on Small 
Hydro Power Stations, as the technical co-ordinator. The Manual also 
benefited from inputs provided by Mr* Guo Huizhang, Chief Engineer, 
Bureau of Hater Conservancy, Shanghai, and Mr* Thovild Persson, 7AST, 
Sweden. 

It is hoped that the Manual will serve as a practical and useful 
reference for those involved in working in the Mini Hydro Generation 
Power Field. It should, however, be considered as a first volume to 
be updated and expanded in the future to enhance its usefulness. Any 
constructive suggestions or proposals in this regard are welcome. 
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It is intended that this manual vill "be a workine tool for decision 
makers at different levels. Since the potential main users of the manual 
vill not necessarily have a specialized engineering "background, the tech- 
nical elements have been restricted to descriptive aspects and elementary 
coneepts, with more emphasis being given to questions of mini -hydro power 
generation (MHG ) development , policy, planning end programming than to the 
engineering and technological requirements and potentialities, instructional 
organization and training. 

It should be also mentioned that in this manual, specific approaches 
and, in seme cases, alternative solutions are proposed. However, the opti- 
mum solutions may vary for every aspect of MHG development considerably from 
country to country as a result of differences in socio-economic systems, 
political organisation, level of development, history and culture. The 
specific conditions of each country or region must therefore be taken 
into account when the recommendations contained in the manual are being 
applied. 

The manual comprises eight chapters. The first four chapters contain 
general information including definition and classification of MHG units, 
advantages and limitation of MHG in solving energy and industrial develop- 
ment problems in rural and remote areas and at the country level , and a 
comparison of MHG with other alternative energy systems. 

As regards the classification of MHG, it should be noted that at the 
time of writing there is no united and generally accepted classification 
of MHG units. Different organizations and countries have different 
approaches* For this reason, some systems of MHG classifications ere pre- 
sented in Chapter 2, including the system proposed at the UKTDO Seminar- 
Workshop on the Exchange of Experiences and Technology Transfer on Mini- 
Hydro Electric Generation Units, 10-lfc September 1979* Kathmandu, Kepal. 

Chapter 5 presents an analysis end methodology of MHG development, 
starting from the assessment of possible applications in a certain area 
and the 1 evaluation of resources and demand to providing decision-makers 
with useful information on the operation and maintenance of MHG units. 



Chapter 5 and chapter 6 constitute the core of the manual and surges t 
a methodology for considering the possibilities of MHG development in a 
certain area and identify a number of aspects which should be taken into 
consideration before a final decision is made. 

Chapter 7 is addressed to those persons vho are responsible for 
organizing and supervising projects and discusses the development of speci- 
fic MHG projects. 

Annex A contains bibliographical references of use to those? vho 
wish to go into the subject more thoroughly, particularly its technical 
aspects • 

Annex B contains basic MHG calculations which may be of interest to 
those vho have a basic engineering training. 

Although the approach to the problem and the recommendations con* 
tained in the manual are mainly applicable to MHG of less than 1,000 kW, 
they can also be used for the higher power ranges provided that the limited 
application of some concepts, particularly technology questions, are 
clearly borne in mind. 

The manual will have achieved one of its objectives if it has succeeded 
in making it clear that a mini hydro power station is more than just a 
small-scale model of a large hydro-electric plant. 



DEmiTIOK m) classification 



A Kini Hydro Power Station (MHG) is an installation where hydraulic 
nower is used to generate email quantities of electricity by means of one 
or more turhine-generat or units or groups. 
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She amount of power that can be generated (measured in kilowatts) is 
equal to that available in the water after allowing for the losses of effi- 
ciency in each successive component of the KHG, and is proportional to the 
product of the net head and the flow. 



GROSS HEAD: Difference in level from the upper surface of the water 
at the highest usable point to the lower level of its 
use by the turbine. MEASUREMENT: METRES. 



EET HEAD: Equivalent to the gross head less the hydraulic losses 

in the different elements conveying the water to the 
turbine. MEASUBHffHTT: METRES. 

PLOW: Quantity of water (volume) per xmit of time, UNITS: 

CUEIC MEIEES PEE SECOND. 



HEG can be classified according to various criteria and it is 
considered advisable not to propose any one system, not only because of 
the arbitrary elements that enter into every classification but also 
because the specific characteristics and degree of development of each 
country may better be served by different classifications. 

She systems given below are in the nature of guidelines that could 
be taken into account in defining criteria for specific countries or 
regions. 



a) 



According to power and head 
We propose two schemes: 



Count ry or Organisation I 


Micro HG 


Mini HG 
(k») 


SHG 
UW) 


UNIDO 


Katfcmandu 
Seminar 


up to 100 


100-1,000 




Hangzhou-M ani 1 a 
Seminar 


up to lUvJ 


1U1— & t uuu 


& 9 UUJL— 1 , UUU 


China 


"by the unit 

Hit the installed 
capacity 




• 


up to 6,000 


Philippines 






* 


up to 5f000 


Peru 




5-50 


51-500 


500-5,000 


Romania 








5-5,000 


Thailand* 






up to l f 000 




Turkey* 




0-100 


101-1,000 


1,001-5,000 


USA 


i 






up to 20,000 


Sweden 








100-1,500 


Preparatory committee for 
the UH Conference on Hew 
and Renewable Sources of 
Energy (Panel on Hydro- 
power) 


up to 1,000 




1,001-10,000 



*) Classified not so clear. 
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SYSTEM PROPOSED BY OLADE FOR THE LATIN AMERICAN REGION AND TEE CARIBBEAN 




POWER RANGE 












(kW) 


(metres) 










LOW 


MEDIUM 


HIGH 




Micro hydro-power 












stations 


up to 5° 


less than 


15-50 


more than 








15 




50 




Mini hydro power 


50 - 500 


less than 


20-100 


more than 








20 




100 




Small hydro power 


500-5,000 


less than 




more than 








25 




. 130 | 


BOTES: 










- The low, medium and high heads correspond approximately to the employ- 


ment of Axial, Francis or Michell-Banki, and Pelt on turbines, res- 


pectively. 










- "Small hydro electric power stations" also covers all plants with 


outputs of less than 5*000 kW. 









The upper and lower head and output limits adopted for any classifi- 
cation are indicative only and should not he rigidly applied. 

For very small outputs, generally less than 5 kW. t and where the 
water resources and characteristics of the country justify it, the use of 
water wheels, particularly for direct mechanical power, is also possible. 

b) According to intake 

- run of river (lateral intake from a main watercourse); 

- with reservoir or dam. 

c) According to its regulation 

- adjustable flow (control of the flow at the turbine intake) - 
this may be either manual or automatic; - 

- constant load, whether because of the actual nature of the 
load or through dissipation of the excess energy. 

d) According to its links to the grid 

- isolated plants; 
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- plants conncected to small electrical grids; 

• plants connected to major zonal or national networks. 

e) According to technological conception 

This is an indicative classification based on the nature of the main 
technological components of the plant. 

- plants with conventional technology. Shis means quality civil 
engineering works for the intake, canal and fore bays; silt basin 
at the intake, steel piping, expensive electro-mechanical equip- 
ment constructed to strict material and manufacturing criteria, 
fully instrumented switchboards. 

- plants using non-conventional technology. Often use intakes from 
existing irrigation canals which are improved, the fore bay in- 
stalled in line on the canal and incorporating the silt basin, 
elect ro-mechanical equipment designed and constructed with tech- 
nologies appropriate to the country's level of industrial deve- 
lopment and the availability of local materials, standardised 
equipment, modular switchboards with minimum instrumentation. 
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FIGURE 3 GENERAL DIAGRAM OF U7TAKE 




Gross section (A-A) 




Cross section (B-B) 
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FIGURE 5 IMPULSE WEB IKES 
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FIGURE 6 REACTION TURBINES 
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FIGUEE 7 TYPICAL POWEF HOUSE 





Plan 
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3. ADVANTAGES AND LIMITATIONS OF MEG 

One of the sain elements in any policy for developing MEG as 
sources of energy is how to make the most of their specific advan- 
tages and overcome their limitations. Below are given Borne of the 
outstanding characteristics in this respect, although they should 
not be taken as absolute. 



ADVANTAGES 


LIMITATIONS 


- Solution to problems of growing 
and difficulties in the supply 
of fuel, particularly in rural 
and isolated areas. 

• Helps to promote socio— economic 
and cultural development in the 
rural environment. 

- Technologies available that only 
require adaptation to specific 
conditions and in order to re* 
duce costs. 

* Low operating costs. 

- Cheap and simple maintenance/ 

- Long service life. 

- Little or.no environmental 
impact; better control of the 
hydraulic system. 

- Can be compatible with the use 
of the water for other purposes 
(irrigation, drinking water, etc. 
thereby improving investment. 


- High unit investment cost per 
installed kW. 

- High cost of studies in relation 
to overall investments. 

- Utilization dependent upon the 
availability of hydraulic re- 
sources near the points of demand. 

- It is necessary to solve possible 
contradictions in the priorities 
of use of water, particularly for 
irrigation. 

- Power production may be affected 
by meteorological and seasonal 
conditions. 

- Continuity of operation depends 
on the technological characteris- 
tics of the installations, on an 
adequate economic productive basis 
for the use of the power generated 

) and on adequate institutional 
arrangements for administration, 
operation and maintenance. 



The specific advantages of NHG open up enormous possibilities 
of application. Their disadvantages may be grouped under two funda- 
mental problems s the investment required per installed kW and the 
prospects for the continued operation of the plants installed. 
Figure Ho. 8 shows in schematic form the causes of these problems 
and outlines some of the solutions which can be considered when 
drawing up development policies. 
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4. COMPARISON WITH ALTERNATIVE SYSTEMS 

It is not proposed in this chapter to determine the absolute 
advantages of one or other power system, but rather to establish in 
qualitative form, without proposing methodologies for quantitative 
analysis, the main elements and criteria for comparing the alter* 
natives. 

Often when making comparative analyses of MEG and other alter- 
native systems certain disadvantages, real, or supposed, of the MHG 
are assumed a priori and the economic evaluations of alternatives 
are frequently distorted by ever-conservative indices. 

It is not claimed that MHG are the "best" solution, only that 
there are appropriate solutions for each case, which are determined 
by making a comparative analysis of the various alternatives. 

4*1. EXTENSION 0? AN EXISTING GRID 

Tne question of whether to install an MHG or extend an existing 
grid ( EEG) is mainly one of economic comparison, particularly as 
regards the investment required. The following are some of the 
elements which must be taken into consideration in such a comparative 
analysis: 
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K.E.G. 


G* 


CIVIL WORKS 

(intake, conduction system, forebay, 
penstock, power house, accessories, 
etc. ) 

ELES 1ROKECHANICAL EQUIPMENT 
(Turbine, regulator, generator, 
swit chboard, etc.) 
mtfTSPOHKIKG 

To medium tension; not always 
necessary (Transformer) 
TRANSMISSION ASH DISTRIBUTION LINE 
Prom the machine room to the point 
of consumption; small distance (lev 
or' medium tension, voltage reduction 
for distribution and consumption) 


CIVIL WOHKS 

(Sub-station, switching area) 
TRANSFOBKINC 

Prom high to mediw tension 
(transformers, switenboard, etc.) 

TRANSMISSION AND DISTRIBUTION LINE 
Medium tension from the sub-station 
to the point of consumption, voltage 
reduction for distribution and 
consumption 



The advantages of one or other alternative are given by the 
characteristics of the application, i.e. the greater or lesser 
importance or magnitude of a given parameter determines the com- 
parative advantages of installing MHG or extending an existing 
network EEG. 
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PARAMETER 
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Availability of energy 
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Prospects of community 


MHG 


EEG 




participation 







i 

COMBINING MHG AND EEG 

It is possible to combine MEG and EEG in situations such ass 

- In countries with abundant small-scale hydraulic resources, densely popu- 
lated and highly electrified. 

- Possibility of using irrigation and water control dams for power purposes 
in placed near the grid where demand for electricity in the proximity of 
the dam is only small. 

- » Count riiia over- dependent on imported fossil fuels for generating elec- 

tricity and with abundant small-scale hydro power resources available. 

- Progressive development of electrification in several rural localities, 
beginning with the installation of an MEG and later supplemented by EEG 
when justified by the growth in demand. 



4.2. THERMAL UUI25 



Diesel engines - or for smaller needs, gasoline engines (OTTO 
cycle) - are usually used for generating electricity. 

These were traditionally the main alternative to MHC and their very 
widespread use was due to: 



Low cost of fuel and lubricants 
Low cost of acquisition 
Ease of installation 
Simplicity of operation 



With the ending of power systems based on the low cost of 
hydrocarbons, these units in many cases cease to be a valid alter- 
native way of providing power in rural areas* AIbo small scale 
steam power stations operating ranking cycle can be employed to 
generate electricity, frequently utilizing waste combustable 
materials or even coal when it is easily available and cheap, 
such as in coal mines. 
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ADVANTAGES AFTD D IS AUVAHTAGES OP THERMAL 


UNITS AS COMPARED WITH MHG 


ADVANTAGES 




U In nit Vfixi lLaSjJl£> 


- Smaller investments 




nign ana increasing cosx 01 


- Ease of installation 




iuBis ana. .ludtibsstsi 


- Simplicity of operation 




Expensive to maintain and repair. 


- Fewer studies needed for their 




Need more highly skilled main— 


installation 




tenance and repair ytaff* 






Require imported and difficult 






to obtain spare parts* 






Little prospect of developing 






local production of motors* 




- 


Short service life (5-8 years) 






Contribute to environmental 






pollution. 






Help to increase demand for oil. 



Economic comparisons of the two alternatives - Thermal Units or MHG - 
are frequently distorted by the fact that in some countries the prices of 
oil and its derivatives are subsidized. In such cases the micro-economic 
analysis must be corrected by macro-economic factors derived from the true 
cost of the fuels. 

At the present time the main cases in which the employment of small 
thermal units is appropriate are as follows: 

— As emergency or reserve units. 

- In isolated areas where there are no easily harnessable hydraulical 
resources and the extension of transmission lines is not justified. 
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4-3 OTHER RENEWABLE SOUBCES OF ENERGY 

'She various renewable sources of energy offer valid alternative 
power supplies for rural development. However, in most cases they are 
not substitutes for MHG, either because of the terminal form of the 
energy supplied ( direct mechanical energy or source of heat ) or, even 
if they can produce electric power, their uses can usually be justified 
economically only for very small power loads. 

The advantages of MHG over other renewable sources of energy may 
be summarized as follows: 



Easy adaptation for producing electric power. 
Lower unit costs of investment per unit of 
useful energy. 

Mature and proven technology. 



As regards the specific characteristics of the main alternative 
sources of energy, the following may be said: 

a) Direct solar energy 

Its main field of application in the countries of the third world 
is for heating and drying needs. 

As regards its passive use, its rcle is particularly important in 
environmental heating through appropriate architectural designs. 

Solar energy can be harnessed for the direct production of electricity 
through the use of thermal units operating with the Ra nk i n e steam cycle, 
which involve very high initial investment costs and very low efficiency. 
Photovoltaic cells are also used for the direct conversion of solar radia- 
tion into electrical energy, but in the third world their utilization is 
only justified for the production of energy needed in small quantities 
and for highly specialized applications as they do not yet constitute a 
cheap source of energy. 
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b) Hind power 

Although wind power is mainly used for pumping water from the sub- 
soil, it has many other applications as well and there is even a commer- 
cial production of windmills for the generation of electricity. 

In general they provide an alternative to MHG for the under 10 kW 
power range* 

c ) Bioenergy 

Biogas production has great advantages, not only as a source of 
energy but also in regard to its capacity for the production of fertilizers 
and its positive impact on health and the environment. 

Its main uses as a source of power are in the form of heat for 
lighting, cooking and the like. It can also be used to fuel properly - 
adapted combustion engines, a use for which it is also competitive with 
MEG is the lower power ranges. 

Also pyrolisis processes and alcohol can be interesting sources of 
bioenergy to operate small thermal units. 

d) Geothermal energy 

Where the resource is available geothermal energy can also be em- 
ployed to generate electricity, however, this is most frequently applied 
in medium or large power stations, even though it is also possible to 
utilize geothermal energy for small units. 
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5. DEVELOFKENT CF MEG 

5.1. POSSIBILITIES OP APPLICATION 

Before carrying out specific projects to promote the development of 
MHG in & given country, it is necessary to determine, at least qualitatively 
or with a few quantitative elements, the nature and magnitude of the problems 
to be solved by using MEG, to ascertain, tentatively, the existence of 
small-scale hydraulic resources and to have an over— all assessment of national 
capacities in order to initiate their development. 
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After analysing energy needs, the availability of hydrc power resources 
and the national capacities, a policy decision must be taken as to whether 
the implementation of MHG should be encouraged or not, in which connexion 
the following should be borne in mind: 

- It should rely on such information as is available and not wait for 
the preparation of ad hoc studies; consequently, the decision will 
be based on fundamentally qualitative elements and on very appro- 
ximate quantitative elements. Together with the process of planning 
the development of MHG, studies must be carried out to define the 
scope of a development programme, as well as any possible corrections 
of the policy which has been adopted. 

- It should be borne in mind that there may be territorial distinctions 
within a co u ntry concerning the development of KHC, depending on the 
availability of hydraulic resources and the energy needs which have 
to be met. 

• The policy decision should be taken with due regard for the time and 
context of development priorities in relation to other energy sources. 

- A policy for the development of MHG is absolutely dependent on such 
factors as the availability of hydraulic resources and energy needs. 
National capacities are factors which can facilitate or impede the 
development of MHG in a country, but they are not absolute factors, 
since they can be changed. 

• Eie development of MHG calls for integrated actions on various fronts, 
as is pointed out in the table of national capacities and summarized 
in Figure 9. 



The policy decision to develop KHG should be the basis for the formu- 
lation of a strategy of development and specific policies, the elements 
of which are analysed in the following section of this chapter. 
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FOR THE DEVELOPMENT OF MUG 
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5.2. ORGAEIZAllON OF PLANNING AND PROGRAMMING 

Once it has been decided to develop MHG in the country, it is necessary 
to define the following: 

a) The responsible government al sector (ministry. State secretariat, 
State institution, etc.). In general, it will be found within the scope 
of the ministry or State secretariat responsible for energy affairs. 

b) The body responsible for planning, directing and/ or co-ordinating the 
development of MHG may be: 

- The central planning organ. 

- The planning office of the competent ministry or State secretariat. 

- The planning department of an enterprise or institute responsible 
for energy development. 

Within the body responsible for planning, a unit or section should be 
established which will be specifically in charge of developing MHG separate 
from the unit or section dealing with larger hydro power sources. The 
functions of MHG sections or units can be as follows: 



- To propose development policies and strategy. 
* To formulate development plans. 

- To formulate periodic programmes for implementation 
(studies on civil engineering works and financing). 

- To co-ordinate and supervise the units responsible for 
the programmes for evaluating resources and demand, 
carrying out civil construction works, and operations 
of plant b. 

- To act as an advisory body for MHG development. 

- Co-ordination with institutions and enterprises res- 
ponsible for financing t technological development, pro- 
duction of equipment and training. 

- Defining tariffs or the criteria for establishing them. 
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The compulsory or indicative character of the plan will depend on the 
country's social -economic system, its political organization and on whether 
there is a greater or lesser participation of the public or the private 
sector in the various parts of the implementation of the plan. 

Figure io gives a diagram of relatione in the process of planning 
the development of MHG, forming a part of the over-all diagram in Figure 
9. 

As complementary activities, the unit in charge of planning will be 
able to perform the following factions: 



- Keeping records of localities without electricity and a catalogue 
of suitable hydraulic resources, prepared by the body responsible 
for evaluating resources and demand. 

- Alternating requests for financing and actions taken by the local 
population and deciding whether they can be incorporated in the 
implementation programmes. 

- General negotiations concerning the large-scale purchase of equip- 
ment • 

- Co-ordination with communal institutions and organisations which can 
promote the development of MHG in their localities. 

- Suggesting needs for technological development to the competent 
institutions and evaluating the use of non<=< onvent i onal technologies. 

- Suggesting institutional schemes for the construction and operation 
of MHG. 

- Co-ordinating international technical co-operation. 



The first thing to be done in a country where systematic projects to 
develop MHG are being undertaken is to prepare a "short— term plan" with a 
view to carrying out certain concrete projects while a "development plan" 
is being drawn up which will require studies on the evaluation of energy 
needs, the availability of resources and the establishment of priorities, 
and which will also have to promote activities in various fields connected 
with technology, the production of equipment, training and financing. 
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On the basis of the short-term plan, a one or two-year implementation 
programme will be drawn up, of which the following aspects should be con- 
sidered: 



- Termination of uncompleted works. 

- Abandoned works (power stations where civil engineering 
work has been begun, having acquired equipment which 
has not been installed, etc* )• 

- Belocetion of existing equipment in abandoned plants. 

- Identified needs (new projects, or projects having 
studies). 

- Existence of civil engineering works which may reduce 
costs (irrigation canals, dams, etc) and which can 
shorten times for implementation. 

- Installation of pilot plants to evaluate technological 
alternatives and capacities for implementation. 



The development of the short-term plan and its respective programmes 
offers the following advantages: 



- It makes it possible tr. initiate MHG development projects without 
involving any delay due co the need to prepare a coherent, over- 
all plan; on the other hand, it provides sufficient time for drawing 
up the development plan. 

- It makes it possible to acquire experience which can be used for 
the development plan. 

- It makes it possible to develop mature projects. 

- It helps to demonstrate the MEG. 

- It stimulates the development of communal self-help projects. 
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Simultaneously with the preparation and implementation of the short- 
term plan and the programme for its implementation, the planning unit will 
have to begin to prepare the "MHG Development Plan", which calls for a series 
of preliminary studies and evaluations that will constitute the objective 
basis of the plan. 
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She plan must likewise take due account of specific policies which 
can provide the framework for a development strategy. Following are Borne 
suggestions for policies and their possible characteristics, which will 
have to be adapted to the conditions of each country. 
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FIGURE 10 PLANNING UNIT FOR THE DEVELOPMENT OF MHG 



INSTITUTIONAL ORGANIZATION OF THE PLANNING UNIT 




i 








STRATEGY AND POLICY FORMULATION 





Short-term 
action plan 



(B) 



MHG development 
plan 



Short-term 

development 

programmes 



T 

(o) 



(c) 

* 



(H) 



From/to the Unit for the 
Evaluation of Resources * 
and Demand 

From/to the Financing 
Unit * — 

From/to the Technological 
Development Unit * — 

From/ to the Equipment 
Production Unit ^ 



Co-ordination or 
direction of 
implementation 
of plan 



Periodic programmes 
for the implementa- 
tion of MHG 



To the 

Operations 

Unit 



To the Studies 
and Works Imple- 
mentation Unit 



(») 
(B) 



From/ to the Training Unit «- 



From the Unit for the 
Evaluation of Resources 
and Demand 



Preparation of project 
BtudieB programmes 



«0 



r 



Preparation of civil 
engineering programmes 



T 

(o) 



Co-ordination vith 
rural development 
programmes and 
organizations of 
communical parti- 
cipation 



(E) , 

From/to the Rural 
Development Unit 



Preparation of financing 
programmes 



To the StudieB and 
Works Implementation 
Unit 



To the Studies and 
Works Implementation 
Unit 



I 

(o) 

From/to the Financing 
Unit 



- 35 - 



5. 3. OVER-ALL EVALUATION OF RESOURCES ATTD MMAEE 

SiiE is one of the principal elements to consider when promoting the 
construction of MHG in a country, as it is the main frame of reference for 
drawing up development plans and implementation programmes. 

GENERAL CONSIDERATIONS FOB SHE OVER-ALL EVALUATION OF RESOURCES AND DEMAND 
FOR MHG 



- The over-all evaluations are directed toward the study of the demand 
and resources for micro-regions and basins and do not go into the 
studies of specific projects in detail. 

- When considering the development of KEG in micro-regions or isolated 
localities, it must not be forgotten that the over— all evaluation of 
demand and resources for energy are closely connected, in geographic 
terns, because of the limitations of the distance over which low and 
medium-tension current can be transmitted. 

- When attempting to connect MHG to existing networks, the geographical 
link should be established between the area where the hydraulic re- 
sources are found, and the transmission lines to which it is planned 
to connect with. 



It is very important to distinguish between the over-all evaluation of 
sources and demand and evaluations which are made for studying specific 
projects. 
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DISTINCTIONS BETWEEN OVER-ALL EVALUATION AND EVALUATIONS FOR 
SPECIFIC PROJECTS 



OVER-ALL 


SPECIFIC 


— Is needed for the formulation - 


Is needed for studies of indi- 


of MHG development plans and 


vidual projects. 


programmes* 




- Study of the over— all energy — 


Study of the energy needs of a 


needs of a micro-region or 


locality or population group which 


population groups in a speci- 


it is hoped to serve with specific 


fic area. 


projects 


- Study of exploitable resources - 


Study of the resources for a 


in a basin or dip, with a 


specific project. 


preliminary list of specific 




projects. 




— General, extensive and multi- — 


Detailed studies of a project. 


disciplinary studies to evaluate 


reduced to an absolute minimum in 


resources, including: 


order not to increase pre— investment 


Hydrology 


costs: 




— Water gauging (flow measurements) 


Geology 


- Oeotechnics (punctual and appro- 


Geotechnics 


ximate) 


Availability of aggregates 


- Topography 


- The evaluation of the over-all - 


The evaluation of demand must be 


demand in an area must be integral 


based on a detailed investigation of 


and statistical in nature. 


the localities connected with the 




project. 
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Section 7«1» refers to the evaluation needs for specific projects. 

Depending on the local conditions in each country, the over*- all 
evaluation of resources and demand should be made by an ad hoc technical 
unit T which should be responsible to the unit in charge of MHG planning; 
alternatively, these functions can be entrusted to some institution which 
specializes in evaluating natural resources or in hydrology. Consideration 
could also be given to having these functions carried out by a specialized 
unit of some firm engaged in electrical development. 

If there are any limitations with respect to the institutional organi- 
zation for the over-all evaluation, consideration might be given to hiring 
specialized advisers under the supervision of the planning unit. 

The unit in charge of the over-all evaluations will have the following 
main functions: 

JUNCTIONS OF THE UNIT FOR THE OVER-ALL EVALUATION 
OF BESOUSCES AND DEMAND 



- Identifying and evaluating existing MHG. 

- Assigning priorities to the areas to be evaluated in co-ordination 
with the Planning Unit* 

- Carrying out evaluation studies of basins, sub-basins and water 
sheds by direct methods or mathematical models. 

- Evaluating energy development needs and potential in rural areas. 

- Identifying specific MHG projects and suggesting priorities for 
their development. 
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Belov is a typical flow chart of the activities of over— all evaluation: 



INVENTORY OF 
EXISTING llEG 



IDENTIFYING MICRO-REGIONS 
AND ISOLATED LOCALITIES 



IDENTIFYING AND 

classifying basins 

AND SUB-BASINS 



PRIORITIES FOR AREAS FOR MAKING AN 
OVER-ALL EVALUATION 



OVER-ALL EVALUATION OF 
NEEDS AND DEMANDS 
IN EACH AREA 



OVER-ALL EVALUATION OF 
RESOURCES IN EACH AREA 



« 


t 




IDENTIFYING 






SPECIFIC 






PROJECTS 





I 





PRELIMINARY 
PRIORITIES 
FOR PROJECTS 


f 
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She outlines suggested for evaluating resources and demand should not be 
applied mechanically in any country whatsoever, since there are special condi- 
tions in every case which call for an individual approach based on: 



She characteristics and distribution of small scale 
hydraulic resources. 

(The relative importance of MHC in rural development. 
The existence of institutions, statistics, studies and 
technical cadres for carrying out evaluation activities. 



Some characteristics activities for over-all evaluation must have, are 
described below. 

a) Inventory of existing MHG 

This consists of identifying existing and projected plants. 

It is recommended that special evaluation forms should be prepared in order 
to record the following data: 

- Sat a concerning the location. 

- Hydrologies! data and an appraisal of the basin* 

- Basic specifications of the power station and its main equipment 
(capacities, head, flow, type of turbines, piping, generators, etc.). 

- State of preservation (for existing plants). 

- Data concerning service and the population supplied, including 
characteristics of demand and types of consumption. 

The inventory constitutes a useful tool for organizing plans and programmes, 
both when evaluating the state of development of the MEG and when determining 
short-term activities for re-adapting, relocating and continuing projects, as 
well as for determing the country's own reference indices. 

This inventory can be used for studying other existing energy sources, 
especially with regard to the extension of existing electrical networks and 
thermal power stations which have been installed. 
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One example of possible evaluation forms for recording data on MHG units 
is shown in Figure 11. 

Figure 11 Form for MHG Units Data Sheet 



Hams of the MGH Units: 
Location: 





(1) 


10 


Location 











(l) Define according to political-administrative devision of the country* 



BASIS 


SUB-BASHT' 


WATERSHED 


Capacity 


Area (km 2 ) 


Minimum -.Dai ly 
Flow [m /sec) 


Marl mum, Flood 
Flow (m^/aec) 


Multi-year 
Average FLov 
( m / sec ) 











(2) Alternatively indicating has in or sub-basin data. 



Status of the MEG Unit: Existing 


Under construction 


Projected 


Condition of the MGH Unit: Good 


Bad In— operative 




Status of the Networks: Existing 


Under construction 


Projected 


Condition of the Networks: Good 


Bad In-operative 




Power installed or to he installed (kW) (3): 




Maximum Demand Foreseen (kW): 






Annual Energy Mean (kWh): 






Kind of Turbine: 






Design Flow (m^/sec): 






Gross head (m) (A): 







(3) In generator terminals 

(4) Difference between upper level of water in the forebay and the lower level 
of head utilization in the turbine. 
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Population Served: 




Humber of Consumers: 




Use of electric energy {%) 



Public Household Commercial Induct rial Irrigation Mining Others 

Lighting 



Others (Explain): 



Productive activities using electric energy (Detailed: carpentry, bakery, 
"brick-making, etc.) 



OBSERVATIONS: 



("b) Identifying and classifying bag ins and sub— basins 

This is a preliminary approximation based on office work on geographic and or 
topographical naps and on existing hydrographic evaluations. 

It includes the approximate determination of the hydro graphic and physical 
parameters of the country's basins and sub-basins, either on the basis of mea- 
surements and studies which have been carried out of by inference with mathematical 
models. 

Th±B study may be extended to the systems of watersheds belonging to a sub- 
basin by establishing correlation parameters when determining run-off s. 
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This study will lead to the need for preparing hydro logical studies for 
specific basins and sub-basins, where the hydrological data call for greater 
reliability. 

It is necessary to draw up criteria for geographic correlation with 
respect to the micro— regions and isolated localities which are identified. 

c) Identifying micro-regions and isolated localities 

This is a preliminary approximation for determining energy needs , based 
mainly on existing statistical data which can be obtained from censuses and 
regional studies* 

Suitably designed files should be prepared in .which to record the prin- 
cipal data concerning micro-regions and rural localities with respect to their 
population, produtive activities and production, communication routes, availa- 
bility of supplies, approximate energy requirements, etc. Data for this pre- 
liminary evaluation should be restricted to an absolute minimum. 

In the process of grouping localities in micro—regions, the following 
factors should be taken into accounts 



Physical proximity. 
Communications. 

Political and administrative division of the country. 
Location with respect to sub-basins and hydro graphic 
water shed. 

Economic and social links 



Considering that the available statistical inform at ion will frequently 
not be up to date and will not contain certain elements of information, it 
is necessary to prepare mathematical models of population growth (or decline) 
and correlation indices for determing quantitative parameters, which should 
be checked by field sampling. 

Die prepared files should be kept permanently up to date, not only with 
regard to time but also with regard to the accuracy of the information. 
(One example of possible forms for collecting data concerning micro-regions 
and rural localities is shown in Figure 12 ) ... . . . , 
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d) Priorities to "be given "to areas or micro— regions in making the 
over-ell evaluation 

!Dae information obtained during the three previous stages will provide the 
"basic elements for assigning priorities to the areas where the studies for the 
over— all evaluation will be carried out, inasmuch as it will hardly be possible 
or justifiable to evaluate the entire territory of a country simultaneously s 
because of the following: 

- The cost and the limitations of the available financial resources. 

- She minor significance of certain areas for the development of MEG 
because of their hydro—energy potential or population density. 

- The limitations regarding human resources and institutional experts 
to carry out the over— all evaluation* 

2his work consists of establishing priorities among areas in order to 
prepare a small— scale evaluation of the hydraulic resources in the sub— basins 
and hydro graphic water shed of the area and an over-all evaluation of the needs 
and energy demand of the localities situated in it; in other words, priorities 
will be assigned in order to determine those areas which will require more 
detailed evaluation studies because of their better possibilities for the 
development of XHS, as shown by the preliminary studies for identifying basins 
and populations. 

Figure 12 Form for Data for the Identification of Isolated Centers and 
Micro-Regions 



Same of Population Center: 
Location Data: 



(1) 


fl) 











(1) According to the political -administrative division of the country. 
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DEKAED 



Pomilation 


Pop. Density (inhab/km ) 


Bo. of abandoned potentials 


Domestic 


Commercial 


Industrial 


Others 



WATER SEED TO WELCH IT BELOHGS 



AREA (km 2 ) 


KIKIMUK SAIL! 

PLOW (m 2 /sec) 


MAXIMUM FLOOD 
FLOW (mVeec) 


ABHUAL OS MULTI-TSAR 
AVERAGE FLOW (raVeec) 











SPECIFICATION ALTEHUATTVES 



FALL UTILI2UBLE FOR KEG (m)(2) 


Alternative 

1 


Alternative 
2 


Alternative 

3 


Alternative 
4 










FLOW UTILIZABLE FOR MSG (mVsec] 










INSTALLABLE POWER FOR KEG UNITS 
(kW) 











(2) Measured froa the intake level up to the minimum utilisable level in the 
discharge. 



STATES OF SERVICE 



Available electric services Tee 31 o 

Kind: Hydraulic dermal Transmission from larger E.S. 

Qiality of Services Good Bad Fair 

Tear of installation or interconnexion: 
Laval of sub-transmission tension (kW): 

Condition of Networks: Good Bad Fair 
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Hydraulic Generation: Exiting 


Under construction 


Projected 


Condition of K3G Unit: Good 


Bad In-op erat i ve 




Installed Power (kW): 


Max. Demand: 


Energy (kW): 


Available hsad (m): 






Utilizable flow (mV»«e)* 






Distance from SIPS to peculation center (km): 





fiote: In case several units exist, indicate the characteristics of each. 



Thermal Generation: Eri sting Under construction Projected 

Condition: Good Bad In— operative 

Installed Power (icH): Marimum Demand(kW): Inergy(kW): 

Ho. of Groups: Potential of each: Kind of Equip.: 

Fuel Peed: Efficiency (kWh/gal.): 



Generation from other Elec. System: 




Existing 


Under construction Projected 


Line capacity kW): 


Length(km): 


Power of Largest E.S.(tW): 


Total annual Energy(kWh): 


WsTimua Demand (kW)s 




Type: hydraulic: 




dermal fuel Used 




Mixed 





boips srsow 



Bo ad: Asphalted Paved Unpaved 

Transit ability (mos./yr. ): 

Distance from other population centers: Center 



Distance(]em) 
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IRRIGATION 



Number: 


Existing E) 




Projected(P); 




Irrigation 


Status (E or P) 


Irrigated Area (km ) 


Flow (mV sec ) 



ECONOMIC ACTIVITIES: 

Livestock ( bead): (Swine) (Sheep) (Cattle) (Others) (Detail) 

Agriculture (Area farmed): (by types of cropB-detail. ) 

Mining: (Type of minerals, reserves, amount exploited): 

Agro-industry ( Types and production capacities): 
Other industries and handicrafts (Detail): 



In order to determine these priorities, it is necessary to establish 
weighted evaluation criteria which oust be co-ordinated with the Planning Unit. 
The following parameters can be considered, however, their weights and values 
should be established in connection with the priorities defined by the national 
development plans and government policies. 

PARAMETERS TOR ASSISTING PRIORITIES TO AREAS FOR THE OVER-ALL EVALUATION 
OF RESOURCES AND NEEDS 



She population which can be served. 
2he existence of hydraulic resources. 

She existence of favourable conditions for constructing MBG, 
in so far as can be determined from the preliminary studies. 
She area's possibilities for economic development and for the 
use of energy for productive purposes. 

The physical interconnexion between localities in the area 
and with other regions (road network). 
Possibilities of interconnexion with larger systems. 
Other energy alternatives 

Possibilities of multiple— purpose development. 
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Some of the above-mentioned criteria would hardly come under consideration 
in determining priorities, because of the limited information provided by the 
preliminary identification studies and inventories. 

This stage still does not constitute an adequate basis for the "development 
plan" and the "MHG implementation programmes" derived from it, but it is certainly 
useful for formulating the "short-term plan", especially in those cases where 
possibilities for projects with special advantages have been specifically iden- 
tified. 

e) Over— all evaluation of resources in each area 

She over-all evaluation will focus on the Bub-basins and watersheds which 
offer the best possibilities and ars closely connected with the localities which 
are potential UBers; consequently, it will have to be made parallel to and together 
with the evaluation study of demand and needs referred to below. 

As was mentioned before, the over-all evaluation studies of the resources 
of each area and each sub-basin which have to be analysed may include studies 
of hydrology, ecology, geology, geomorphclogy, geotechnics and the availability 
of aggregates, the possible scope of which is described in the following para- 
graphs. However, it should be repeated that although these evaluations will 
make it possible to identify specific projects, they should not be made for each 
and every project, in order to avoid excessive pre— investment costB for the 
individual projects. Moreover, the depth and exact detail of the evaluation 
will depend on its hydro-energy potential and energy requirements, which in 
many eases can be limited to qualitative or approximate evaluations. 

(1) Hydrology 

Purpose - to estimate the flows which can be used for mini power stations, 

by generally determining the minimum flows, i.e. flows where there i£ an 83-95 
per cent probability that they will be exceeded on a monthly basis. 

Methodological aspects - The minimum flow is generally ascertained on 
the basis of flow/duration curves, although they are often hard to determine by 
direct methods, since in many cases no hydrometric records are available and 
it is neoessary to resort to indirect methods by determining and applying index 
values. 
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It is also possible to establish criteria of constant similitude between 
the sub-basins and the main basins which will help to generalise the information 
that is most likely available for the larger basins, especially for the preci- 
pitation/duration and flow/duration curves. 

The available pluviometric information (precipitation measurements) should 
be supplemented by preparing regression equations of existing data; moreover, the 
hydrometric information which is generally available should be used by applying 
interpolation criteria to supplement the flow records. Hydrological models can 
alBo be used when there are no representative neurological series in the sub- 
basins by simulating run-off aeries for the drainage area in question. One 
interesting model which would require some adaptation f?r practical use is the 
Norwegian SUFS system in which the transfer through each sub-basin is simulated 
by a system of tanks. 

In the final analysis, the monthly minimum flow or that which iB exceeded 
95 per cent of the time, assuming the predominant uBe of "run of river" mini 
hydro power stations, can be defined as a percentage of the average emlti-annual 
flow. It is possible to draw up equations establishing a relation between the 
arirmnT average flow or the annual average hydraulic capacity (m /S/fcm ) (also 
known as discharge modulus) and the corresponding drainage area of the basin, 
which, together with the duration curves which have been ascertained directly, 
makes it possible to define linear expressions for calculating the minimum 
monthly flows. 

Daily flows may vary considerably, since daily minimum values are gene- 
rally lower than monthly values. However, they cannot be very accurately pre- 
dicted, which would lead to an apparently insoluble problem, considering that 
in the case of "run of river" mini hydro stations there is practically no storage. 
In spit* of this difficulty, the problem may be irrelevant, inasmuch as the 
occurence of daily mini from flows which are less than the monthly ones would affect 
the operation of the plants only temporarily. 

Ideally, it would be desirable to have estimates for a minimum period of 
three years, concerning the watercourse from which water would be obtained, 
although this is only practical for groups of projects in a given basin and not 
for a specific mini hydro power station. 
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Relevant information supplied by the local population can also help, 
if properly interpreted, to evaluate historical flows, especially with regard 
to floods. Maii mum flows supply a useful reference point for planning civil 
engineering works, especially with regard to their protection. 

(2) Ecology 

Purpose - To describe the environment in which flora and fauna will develop 
in order to determine its effect on project characteristics, building types, and 
materials, and equipment to be used; its effects on prospects for conservation 
and, en the other hand, the effect of establishing mini hydro power stations 
on the ecology of the basin or sub-basin. 

Methodological aspects - For the reasons pointed out above, this kind of 
study is only suitable for evaluating basins and not for evaluating specific 
projects; in the letter case, what is needed are merely general comments on the 
ecological aspects. 

ThiB will cover the following aspects: 

- Climate 

- Biological zones 

- Soils (from the point of view of human use) 

- Vegetation 

- Fauna 

- Bodies of water and aquatic biology. 

( 3) Geology 

Purpose - To determine the basic characteristics and composition of the 
soil and sub-soil of the basin in order to establish some general guidelines 
for construction, mainly with regard to structural and seismic aspects. 

Methodological aspects - It is advisable to undertake studies which apply 
to basins and sub-basins rather than to specific projects. The most relevant 
aspects of such studies are the following: 

Lithology (geological formations, using strati graphical 

methods ) 
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- Structural geology (faults, determining directions of 

volcanic activity) 
• Seismology (records, probability of earthquakes and 

their magnitude). 

(4) Geomorphology 

Purpose - To study the conformation of the surface of the terrain and 
evaluate it with a view to determining, in particular, the accumulation and 
deposit of sediment in the watercourses, while considering its eroding effects 
on equipment and the consequent need for suitable planning for silt basins and 
selecting materials for the turbines (mainly rotors and injection systems). 
It is also helpful in making a final selection of the site in order to avoid 
possible land slides and erosion* 

Methodological aspects - The identification of structures on the basis 
of geomorphological maps, mainly with respect to scarps, slopes and valley 
bottoms (riverbeds); can be applied to the over-all study of basins and sub- 
basins. 

(5) Geo technic 8 

Purpose - The study of soils with respect to their characteristics, mecha- 
nical properties, stability and water table, mainly in order to help plan the 
construction of hydraulic works. 

Methodological aspects - The application of geotechnical studies to basins 
and sub-basins is limited, due to the enormous diversity of Individual variations; 
in this case, therefore, it will be limited to descriptive aspects based on geo- 
logical studies. 

A geotechnical study is particularly relevant for the study of soils in pos- 
sible specific locations for civil engineering works, in order to help to select 
final locations and to define design requirements. 

The extent of its use depends on the size of the individual project, both 
with respect to study costs and the risks inherent in the construction work itself. 
In the case of ™ hydro power stations, geotechnical studies should generally 
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te reduced to a minimum, depending on qualitative judgements, mainly "by excava- 
tions and drillings, an approximate estimate of the bearing capacity of the soil 
and an estimate of safety factors for designing the intake, forebay, some supports 
for the piping and anchoring the main equipment. 

(6) Availability of aggregates 

Purpose - To investigate the availability of suitable materials for aggregates 
(stone, gravel, sand, etc.)? an important factor in reducing the costs of works 
and construction processes. 

Methodological aspects - A differentiated study of the existence and charac- 
teristics of the principal kinds of materials needed (granular material, riprap 
material, quarried material, sand, gravel, etc.), 

f ) Over-«n evaluation of energy needs and economic demands in each area 

As was pointed out in the preceding section, this study should be combined 
with an evaluation of the hydro power resources of the area in question in order 
to ensure its relevance and the subsequent formulation of specific MHC projects. 

This stage calls for a detailed study of the data obtained from a preliminary 
identification of micro— re^. cms and isolated areas through field evaluation sur- 
veys, which, however, should be kept at a general and statistical level when 
describing the characteristics of each locality. 

It is necessary to keep an extensive data file for each locality and to 
prepare card indexes for micro-regionB or groups of localities which can be .inte- 
grated into a small grid. 

3he social— economic analysis of each locality can cover the points described 
below. However, it should be borne in mind that this analysis can be more limited 
end that some elements can be left for consideration in studies of specific pro- 
jects, or else simply disregarded. 

SCOPE OF THE SOCIAL-E30KKIC ANALYSIS OF LOCALITIES 

POPULATION Bumber, size of families, breakdown by activities, 

income, cultural levels, etc. S^pification of the 
possible levels of satisfying energy needs. Historical 
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information about growth (or stagnation) ; migrations. 

Forecasts of growth ( estimates) , forecast of rise is 
the indices of energy needs (estimates). 

Description of existing productive and supporting 
activities; economic impact. Potential of the area. 
Identifying projects in energy-consuming activities. 

Requirements for project implementation: time limits. 

Transport systems (personnel and goods); highways, 
postal system, telecommunications, etc. 

Drinking water, drainage, energy supplies; trade. 

Schools and cultural activities; educational needs and 
their specific energy requirements. 

Geographic location, distance, physical description 
(streets, distances, types of construction, etc.). 

The social-economic analysis should provide the basic data for each locality, 
so that the requirements and potential for electricity consumption and the required 
installed capacity can be determined by using indices. 

In this stage of over-all evaluation, it iB possible to determine only appro- 
ximate requirements of installed capacity on the basis of indices, which will be 
necessary for formulating specific projects. 

In addition, preliminary evaluations of energy consumption can be made for 
various kinds of consumption: 

- Househole 
Public lighting 

- Economically productive activities 

- Miscellaneous (health, education, culture; social, 
political and religious activities, etc.). 

It is also possible to estimate approximate periods of daily use for each 
category and its seasonal variations. The proposed additional analysis provides 
the necessary data to determine required installed capacity and demand at the pre- 
feasiblity level for studies of specific projects. 



ECdNOKIC ACTIVITIES 



TEAKS POET AED 
CCMKUETICATIGHS 

SEE VICES 
EDUCATION 



PHYSICAL DESCRIPTION 
OF THE LOCALITY 
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fe) Identifying specif ic -projects 

Because of the inter-action between alternative MEG projects which can be 
defined from the over— all evaluation of resources, together with the evaluation 
of needs and demand in all the localities of an area, it is possible to deter- 
mine and define in approximate terms those series of projects which can meet 
the basic energy needs of the population at minimum cost. For this purpose it 
is necessary to consider the following- factors: 

CQffSIDE&ATIQNS K3R IDMTIFCTG MHG PBQJESTS 

- The point to which it is economically justifiable to organize 
groups of localities to form small inter— connected medium— tension 
grids, depending on their extension and the topographic characteristics 
or the area. 

- To select those projects of relatively greater capacity which can 
economically replace several less smaller ones. 

- According to the topography and characteristics of the site, to 
select the type of power stations with regards to head; high heads 
being more convenient, as they involve smaller investments and ensure 
greater economy of water, although they are subject to more wear— and 
tear and the greater water-level losses resource decreases the* avai- 
lability of water for other purposes at higher levels. 

- To take account of increased requirements of installed capacity, 
either by over-designing the installations or allowing for enlarge- 
ment > 

- To anticipate construction problems when defining projects. 

- To ascertain alternative solutions and projects. 

- The above-procedure should be supported by field evaluation. 



It should be pointed out that the objective in this stage is to try to 
define the universe of projects which could meet the basic energy needs of the 
area in question by trying to optimize combinations, but the aim is not to es- 
tablish priorities for implementation, which is a part of the next stage. 
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h) Assigning -preliminary priorities to projects 

This is the fundamental basis for defining- the "development plan" and its 
"implementation programmes", which is the responsibility of the Planning Unit. 

Weighted evaluation criteria must be established is order to determine the 
priorities, while taking due account of economic, technical and social factors; 
the following general factors are suggested: 

FACTORS FOR ESTABLISHING PRIORITIES FOR THE IMPLEMENTATION OP PROJECTS 



Size and cost, including cost of transmission lines. 
Population to be serviced; load factors. 

Energy used in productive activities including industrial production 
in relation to energy produced. 

Availability and permanency of the hydraulic resource. 
Possibilities of mutually complementary use in the case of multiple 
projects or possibilities of interference with the use of water for 
other purposes. 

Possibilities of using local labour and materials for construction. 
Possibilities of organized participation on the part of the community 
by contributing with labour and materials. 
Availability of access roads and road connexions. 
Possibilities of creating local employment. 

Possibilities of continuity of service, self -financing of operation 
and community support. 

Possibilities of supplying equipment, preferably of national origin. 
Engineering requirements and problems involved in the project. 



Table l illustrates some activities which can be developed in isolated 
localities and also shows the approximate requirements of installed capacities. 
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Table 1 

Identification of productive activities in isolated localities and the rural 
area, which could utilize the energy generated by the SBPS. 

ACTIVITIES • INSTALLED POWER FOR 

CONSUMPTION (kW) 



Carpentry shops 


5-15 


Bakeries 


2-5 


Art ob anal activities 


1-2 


Small saw-mill b 


15-30 


Sugar can mill 


10-20 


Grain mill 


3-20 


Weaving 


0.5-0 


Coffee beneficiaries 


5-30 


Cfeiarries 


6-30 


Ice-making 


6-60 


Irrigation pump 


2-100 


Brick-making 


1-5 


Lodging (20 guests) 


2 - 5 


Restaurant 


1-2 


Vegetable canning 


5-20 


Dairy products (butter, cheese) 


2-10 


Milk-proceseers (cooling and pre-«vaporation) 


5-20 


Silos 


3-5 


Electrical and mechanical workshops (repairs) 


5-15 


Gasoline pumps 


0-5 - 5 



- 56 - 



With this evaluation, it will "be possible to prepare lists of projects 
in order of priority which can be used for planning and programming activities, 
although this will not automatically ensure that these projects will be included 
in the programmes, since the Planning Unit will have to establish other series - 
of priorities with respect to questions of regional development, rural industrial 
development and sectoral policies. 



FIGURE 13 UNIT FOR THE EVALUATION OF RESOURCES AND DEMAND 



Inventories of existing MUG 



A ) From/to the Planning Unit 



Inventory of requirements 
for the construction of MUG 



Determining studies required for evaluating 
resources and demand 



Is there personnel 
capable of carrying out 
studiep for the evaluation^ 
or resources and 
demand? 



Yea 



I 



Inventory of basins 
and sub-basins 



Preliminary identification of micro- 
regions and isolated localities 



I 



Preliminary assignment of priorities based on criteria 
concerning resources and demand in each area 



i 



i 



Checking preliminary priorities in the field 



I 



Identifying specific projects 



(0 ) From the Studies 
and Work Imple- 
mentation Unit 



Carrying out the neceBBary 
Btudles 



No 



Readjusting priorities on the basis 
of criteria based on estimates 
by other units 
1 



( A) 

l>>To the periodic MUG 

implementation programmes 



(P) From the Training Unit 



(D) To the Training Unit 
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5*4- FBE-IffVESTCQT? STUDIES 

In this chapter we shall he mainly concerned with pre-investment 
studies for specific project, on the basis that studies relating to 
over—all analysis of resources and demand have been dealt with in Chapter 
5*3. v although the dividing line is not always easy to draw, since studies 
for specific projects may he related to the piocess of identifying projects 
and establishing priorities. 

Specific project studies serve two basic purposes: 

- Technical and economic justification; 

- Guidelines for the project's execution. 

It may be said that pre— investment studies constitute one of the 
fundamental differences betwen NHG and larger-size plants, and for this 
reason preparing studies often poses the following problems: 

CCMMGHEST PROBLEMS 15 KEG STUDIES 



* Sigh study costs, often amounting to between 30 and 50 per cent 
of total investments. 

- Formal terms of reference not always adequate to the project *s 
needs. 

- Over-abundant information, processing of data of little signi- 
ficance and lack of relevant facts; lack of correlation between 
the study and the realities of the project. 

- Limited practical value for determining investments required 
or for guiding plant construction. 

The above drawbacks can be attributed to the following causes: 
SEASONS 

- Uncritical transfer of terms of reference commonly used for 
large hydro-electric projects* 

- Boutine division ef studies into successive phases (pre-feasibility, 
feasibility and detailed engineering) without talcing account the 
aim of the particular study. 
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Formalist ic demands and excessive data requirements made by 
financing institutions. 

Lack of definition of targets enabling proportions to be esta- 
blished between study costs and total project investment. 
Lack of compx-ehensive studies on resources and demand by basins 
and micro-regions respectively. 

Limited amount of direct information and excessive processing 
of inferred or estimated data. 

Lack of technical and economic manuals on project development. 

Limitations in consultancy systems and in the capacity of public 

institutions to carry out studies. 

Little consideration of technological alternatives. 

Little consideration given to the prospects for participation 

by the local population in the project. 



It is important that targets be set at the Planning Unit stage regarding 
the maximum cost of studies as a percentage of the total investments and 
according to the size of the power station. These targets should obviously 
be set for each country as part of an approximate calculation of the cost of 
the components of the studies and the establishment of their scope. It should 
not be forgotten that the studies are a rough guide for future operations and 
a means of protecting the project's total investments; they should consequently 
be kept within reasonable proportions to prevent their becoming a high-risk 
investment in themselves which could significantly increase total investment 
or even lead to the absurd situation where their cost could seriously affect 
the project's feasibility. 

Definite targets must be set for each country for the maximum cost of 
pre—investment studies with respect to total investments in an MHG, which 
in turn will define the - studies ' scope. In Chapter 7*6 on costs, there is 
a reference curve based on the following table., showing that the percentage 
cost of studies for smaller power values ought to increase within reasonable 
limits. 
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POWER IS KILOWATTS % 



MAXIMUM PERCENTAGE OF TOTAL COST 
TO BE ALLOCATED TO STUDIES 



15 
11 
8 



100 



1,000 



The scope of the studies is closely related to the proportion desired 
"between their costs and total investment and to where the project stands in MHG 
development planning, in other words, whether or not comprehensive information 
on basins and areas for groups of projects is available - and depending on how 
thorough the studies were which determined the specifications of the projects 
identified in the over-all evaluations referred to in 5-3- 

Bearing these considerations in mind, we shall offer in the following 
paragraphs some general guidelines for preparing pre— investment studies for 
the three conventional phases of pre— feasibility, feasibility and detailed 
engineering. 

a) Pre-feasibility/Baconnaissance Study 

In the case of MGH it is desirable to establish minimum requirements 
at this level, and the notion of H pre-feasibility study" could be replaced - 
by the concept of a "reconnaissance study 1 *, implying something of more 
restricted scope. 

On the other hand, it is useful to ensure in this phase that the data 
needed to settle the investment question are available, so that, if possible, 
the preparation of a feasibility study will not be essential. 

The degree of approximation to a pre—feasibility study will differ 
depending on whether the project in question is or is not independent of 
the planning and over-all evaluation process, as is shown in the following 
tabular summary* 
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CVH ftR AwTEEISTICS OF PHE-FEASIBILITT STUDIES ACCOHDING TO 
HOW THET ABE RELATED TO PLAHETNG AHD OVEH-ALL EVALUATION 



PBOJECTS WELCH POBK PART OF THE 
PLAN AHD OVEB-ALL EVALUATION OF 
HESOUBCES AKD DH4AEE 

- The decision to carry out studies 
has been taken at the planning 
stage and was based an over-all 
evaluations made; it remains for 
the pre-feasibility study to 
analyse alternatives, define plant 
specifications, determine the 
Bcope of project engineering and 
assess its feasibility prospects. 



- The over-all evaluation can 
contain adequate data on hydro- 
logy, the assessment of resources, 
energy demsnd and installed 
capacity requirements, so that it 
only remains to assess this data 
in a field study, to make some 
water gn aging (flow measurement) 
measurements and to supplement 
information or give more details. 



DTDEEEETDEK'T PBOJECTS OUTSIDE THE 
CONTEXT OF OVER-ALL EVALUATIONS 
ABB PLANS 

- If the project looks promising 
in a preliminary survey, the 
pre— feasibility study can have 
the scope of the projects planned; 
if not, it should give alterna- 
tives and approximations as to 
their specifications and invest- 
ment requirements, and assess the 
desirability of going on with the 
studies. 

- Evaluation of resources and 
analysis of demand fall within 
the scope of the study. 



Also of importance will be the size of the project, which will deter- 
mine the scope of the pr*-feasibility study in proportion to the estimated 
investment requirements, and other factors relating to the project' s site, 
as can be seen in the following table, in which power stations are tenta- 
tively separated into two power ranges: 
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caamnxnxcs op tn-msuxurr ramus 
jocodsu 10 sis or na 



lOYff RMB tUOB (1X83 O0 100 W) 



fl**o ttdaf iadiraet 
MtMi tarls* aaart partaaa 
aaa turn ill lint *i*» **■ 
aal» af oiUtittn 



Tory Ualtad taaagnableal a ai w ja , 
«r taa af tkMi taa 

«h af ai*iM» aataafta fw Iswlliac 



•f tma stmetwa 
af taa tazSata far aoaatraatlaB 



Owi itm aaiaaliic asa larger aafaty 
•ugiaa taklac Into mwl pirt ff 
— amlnty factor*. 



■or* aaaaiaaraiiaa ef tae «aa af 

a>a Mil In T taakMlagiva 

taaaiac te rataaa aaata, ***» if 
glng auflu eaaaarBia*; raliaaility 
aad HrtM llfa «t »■ uerifiaa*. 



nam kmb nuns (biutb ou 

at 100 KM) 



flaw tknuffe aaam 
tafcan aiar Xaac periods or 
taa we ef Hart 1 artty aedala. 



fivtailea taaacraaUaal aaraaya ef 
the aaat relamfc a*eaa liarlaka, 

rHanrrl . fsRbsy, fall, p suor oaasei 
tall faaa)i oarafal drtvralBlac ef 
tae aeaA mi layeat ef a •aaateafc. 

Aa*lyl»C faetaaanieal sataaAa to 
aaaak taa akeraaneriatl** af taa 
tamis is area* aaera tea aala 
•eastraetlaa vesfc is ta taka alaae. 



aaf ety aacia* i* af 
■ara ttereafa atajtiaa aad taa 
■sexier Isvaataaat Imlvad. 



Iteration «f aea- 
taakaelafiaa ewea 
taee«h in easy caaaa taay **11 ha 
relevant aithia tUi ee«er range. 



These recommendations should of course be regarded as trends, for 
the scope of each individual project must be decided in the light of the 
objective characteristics of that project. 
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Checklist of ure-feasibility study of MHG 

1. Summary - a synoptic review of all the essential "findings of each paragraphs 

2. Project background and history 

( a) Project sponsor( s ) 

(b) Project history 

(c) Cost of studies and/or investigations already performed 

I, Market and plant capacity 

(a) Load demand and market 

Its past growth, the estimated future growth, the connexion with 
the .gride 

(b) Sales forecast and marketing 

(i) Competition with other energy resources 
(ii) Estimated annual sales revenues from power supply 

(c) Power estimation 

(i) Hydrologic study 
(ii) RLra power 
(iii) Secondary power 
(iv) Waste water 

(d) Determination of installed capacity 

4. Location and site (including, if appropriate, the geological study, and 
estimate of the coat of land and the cost of storage reimbursement) 

5. . Project engineering 

(a) Prelim nary determination of scope of MHG project 

(b) Technology s ) and equipment 

(i) Bough estimate of costs of local and foreign technology 
(ii) Bough layout of proposed equipment and power— house* 

Starbine, generator, -gate and valve, auxiliary equipment, etc. 
(iii) Bough estimate of investment of equipment. 

(c) Civil engineering works 

(i) Bough layout of instake, conveyance structure and powerhouse 
(ii) Bough estimate of investment cost of civil engineering works 
( local/foreign) 



6. Plant organization and overhead cost 
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7 * Manpower 

(a) Estimated manpower requirement broken down into major 
categories of skills 

(b) Estimated annual manpower costs 

8. Implementation scheduling 

(a) Main construction method and implementation time schedule 

(b) Estimate implementation costs 

9. Financial and economic evaluation 

(a) Total investment costs 

(b) Project financing 

(i) Proposed capital structure and proposed financing 
( local/ foreign) 
(ii) Interest 

(c) Production Cost 

(d) Financial evaluation based on above estimation value 
(i) Pay-off period 

(ii) Simple rate of return 
(iii) Break-even point 
(iv) Internal rate of return 

(e) Rational economic evaluation 
(i) Preliminary tests 

(ii) Approximate cost-benefit analysis, using estimated 
weights and shadow price (foreign exchange , labour t 
capital) 

(iii) Economic industrial de versification 
(iv) Estimate of employment -creation effect 
(v) Estimate of foreign exchange savings 

b) Feasibility 

It is desirable that the pre-feasibility or reconnaissance studies 
for MHG cover the elements needed to take a decision an investments, with 
a view to cutting out feasibility studies and proceeding directly to project 
engineering studies. 

However, feasibility studies are desirable for projects presenting 
doubtful situations on their technical and economic aspects, or whenever 
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alternatives have to be compared and as long as the scale of the project 
seems to call for it. 

c) Detail engineering 

2nis should cover the following general aspects: 
SCOPE OF DETAIL EffdEHERIEG 

- Supplement ary topographic details* 

- Supplementary geotechnical study (when the scale of the 
project seems to call for it). 

- Final specifications of the project. 

- Detailed design of each civil engineering item and 
specifications of materials. 

• Final specifications of electromechanical and auxiliary 
equipment; quotations, evaluation of alternatives and 
proposed purchases. 

- Electrical design of transmission lines and installations. 

• Bee onnnendat ions for construction, installation and start-up. 

- Implementation schedules and work programme. 



In the absence of feasibility studies, the engineering study should 
include a supplementary financial economic analysis dealing with the 
following points: 

TJS£BCIAL JED ECQNCKIC SUPPLEXETTT TO STGUTEERING S TODIES 



• Investment and financing. 

- Schedule of payments. 

- Personnel requirements. 

- Operating and amortisation costs. 

- Consideration of tariff schemes. 

- Analysis of sensitivity of investments. 

- Organisational aspects of construction and operation. 
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The scope and depth of the engineering studies will also depend on 
the scale of the proposed investments; the main features can be classified 
as follows; 



CHARACTERISTICS OF HTGHrEERHTG S TODIES ACCORDING TO SIZE OF MHG 





1 

TfiWTTR POWER BARGES 


flT(iH|«m POWER RAHGER 




flESS 100 KW) 


(CREATES THAU ICO KW) 




Less study of detail in design, 


— More study of detail in design. 




details to be supplemented as 






wnric proceeds. 






Larger safety factors for design. 


— Smaller safety factors for design. 


- 


Proportionately greater use of 


• Proportionately lesser use of 






1 nfittl mfl.^#TC aid. 
iovu inc. u w lumo . 




Drawings commensurate with capa- 


- Drawings commensurate with capa- 




bilities of a construction foreman- 


bilities of a civil engineer. 




Considerations of price and 


- Considerations of reliability 




simplicity will be major items 


and service life will be major 




in the final selection of equipment. 


items in the final selection of 






equipment • 




More extended use of unconventional 


- More extended use of conventional 




technologies. 


technologies. 




More use of semi— standard designs. 


- More use of "taylor made" designs. 



Standard equipment, including turbines, should be specified and selected 
for all MHG stations. 

Pre-in vestment studies of projects can be organized in various ways: 

Projects and engineering section of an Electricity Board or 
undertaking responsible for implementing MHG. 
Specialized hydro project institution or agency. 
* Independent consultants and experts. 

The choice will depend on a country's policies, social and economic 
system, and technical capabilities. 
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It is usually helpful if the Electricity Board or enterprise acting 
as executive agent for the MHG programme has a projects and engineering 
section capable of making the necessary pre- in vestment studies and of 
sub-contracting and over-seeing studies, when its own project development 
capabilities are overloaded. 

Contracting good consultants is often difficult and the supervising 
agency needs a high level of technical capability in order to be able to 
define the scope of the studies clearly, evaluate costs and check on the 
quality of the study contents* The common mistake of developing studies 
which contain little substance and a mass of irrelevant information should 
be avoided. 

It is also frequent that some financial institutions establish such 
requisites regarding consultants * qualifications and the scope of studies, 
that p re-investment costs tend to be very high and the studies contain 
formal elements which for the most part are useless for project evaluation 
and implementation. 



i 



FIGURE 1*» UNIT FOR IMPLEMENTATION OF STUDIES AND WORKS 



I A) From planning unit 

i 



Schedule of capabilities for studies and works 



/lrt From equipment production 
{¥) unit 



Determination of needs for 
carrying out studies and 
workB 



I 



Determination of needs for 
carrying out works 



From 

training 
unit 




Preparation of 
studies 




From (D) 
training | 
unit 



Yes 



1 




i 



Determination of equipment 
and materials requirements 



Yes 



Yes 



(H) From techno- 
logical develop- 
ment unit 



(H) To technological 
development unit 



Implement at ion 
of works 



To resources and 
demand evaluation 
unit 



To operations unit 




No 



♦ 

(F) 

To equipment pro- 
duction unit 



o\ 

CD 
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5.5. JUTANCING 

Shis section will deal with the general problems of financing invest- 
ments for MHG, with the emphasis on aspects likely to reduce investment or 
its financial and foreign currency requirements. 

CCKMCSSf FHOBLEKS Z2T MHG CTiNCdG 



- Heavy investment per installed kK. 

- Substantial foreign currency requirements. 

- High study costs and irrelevancy of studies to 
operation and implementation of project. 

- Individual projects are on too small a scale to be 
interesting financially and are expensive to administer 
and to evaluate financially. 

- Little experience of systems for financing groups of 
projects. 

• Difficulties of including national engineering in 
pre-investment studies. 

- Unsatisfactory schemes for financing national supplies. 

• Underestimating potential community contributions of 
manpower and materials. 

- Lack of MHG financing policies. 

- Inadequate economic capability of communities. 

- Misconceptions of "rural electrification " baaed on 
spontaneous development of productive activities 
requiring energy. 



To deal with the above-mentioned typical problems, the recommendations 
given in the following table are worth bearing in mind when schemes are 
being devised; many of them will be commented on in some detail in this 
section. 
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GENERAL GUIDELINES FOR IMPROVING FTHANCUrG PROSPECTS OP MHG 



- Reduce investment and foreign currency requirements by means 
of non-conventional technologies, standardization, national 
production of equipment and local materials, community parti- 
cipation in construction works. 

- Increase relevance and reduce cost of pre-in vestment studies 
by over-all assessments of resources and demand by zones and 
basins, preparation of guidelines for formulation of projects 
and design handbooks, etc. 

- Finance groups of related projects. 

- Increase community participation in the building and operation 
of plants. 

- Increase the share of national engineering in projects by 
strengthening the engineering capabilities of the institutions 
responsible for implementing MHG projects and giving preference 
to suitable domestic consultants over foreign consultants. 

- Develop systems for financing national supplies. 

- Stimulate community participation in project implementation 

by emphasizing this factor in the study of priorities, developing 
appropriate, systems for the financial evaluation of community 
contributions and the requirements for technical assistance. 

- Determine a national KHG financing policy. 

• Promote the parallel development of energy intensive productive 
activities. 

• Develop guidelines on the rational use of energy. 



Special attention should be paid to reducing investment needs including 
p re-investment studies, and to reducing foreign currency requirements. 



- 71 - 



GENERAL GUIDELINES TOR REDUCING INVESTMENT COSTS MD 
FOREIGN CURRENCY REQUIREMENTS 



- Over-all evaluation of demand and resources should be broken 
down by zones and basins, thus reducing the costs of individual 
studies and achieving economies of scale in the mult i -disciplinary 
study of areas possibly involving a number of projects. 

- Wherever possible, proceed directly from pre— feasibility studies 
to detail engineering studies. 

- Simplify terms of reference of studies and prepare guidelines for 
their elaboration. 

- Prepare manuals/handbooks on design. 

- Consider using non-conventional technologies and the intensive use 
of local materials right from the pre— investment study phases. 

- Use domestically produced equipment and materials and, if possible, 
nationally developed or adapted technologies not subject to royalty 
payments or large numbers of imported parts. 

- Use standard items of equipment; consider cheaper and shorter— life 
alternatives for low-power installations. 

- Semi-standardization of civil engineering works. 

- The use of national engineering in projects helps to save foreign 
currency, reduce relative costs and improve adaptation to actual 
conditions in the country* 

- Community participation helps to reduce apparent investment and 
therefore requires less domestic financing. 



To promote the development of MEG projects, appropriate policies must 
be defined, such as setting up an MHG development fund which can be adminis- 
tered by a government -financed agency or by the electricity board or insti- 
tution concerned. 
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NATIONAL CREDIT 
LINES 




CONTRIBUTIONS FROM 
NATIONAL BUDGET OR 
ELECTRICITY DEVELOP- 
MENT UNDERTAKINGS 




COMMUNITY CONTRIBUTIONS 
(MATERIALS, SERVICES, 
MANPOWER) 



PROJECTS 



HHG financing should "be organized along the following lines: 
a) International credit lines 

A clear distinction is necessary "between untied credit lines, such 
as some international finance agencies can provide, and tied credit lines 
from financial institutions in countries wishing to promote their equip- 
ment and engineering sales via financial promotion. 

Tied credits are satisfactory provided that the elements concerned 
are not produced domestically and after analysis of their technical 
characteristics, pricing and financial conditions has shown them to he 
the hest option. The temptations of "soft" financing often lead to the 
purchase of equipment which is too expensive or inadequate. 

Specific credit lines defining some financing conditions should he 
negotiated in order that the financing of groups of projects may he 
negotiated subsequently. 

The criteria and terms of reference for studies should he realistic, 
and preferably be made known by the publication of guidelines for project 
preparation and assessment. 
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b) National credit lines 

These should be used mainly to finance domestically produced supplies 
of equipment and materials. 

They can be arranged with agencies concerned with industrial promotion 
financing. 

Credit lines for site development and works can be arranged with agencies 
concerned with rural promotion financing. 

c) Contributions from national budgets or electricity 
development undertakings. 

* 

In the light of the development plans and their annual implementation 
programmes of MHO, resources could be allocated under given proportions to 
the credits obtainable. 

Some of the investment finance can be in grant form. 

A proportion of the profits of electricity "lost fund" boards can be 
used for financing KHG development. 

d) Contributions fyom the community 

This should be determined during the studies phase. 

The community contribution should be regarded as part of the total 
investment and therefore needs to be assessed properly. 

Community contributions usually consist of unskilled building labour, 
materials (mainly aggregates for the civil engineering works) and services 
(local carting, local transportation, storage, site, security, etc.). 

Where investments are financed on a basis of partial repayments, 
fi nan cing would be of the nature of a revolving fund. 
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However, irrespective of the scheme of investment repayment and even 
in the case of outright grants, projects must earn at least enough to cover 
operation and maintenance costs, otherwise the plant may be brought tc a 
standstill by the first operating problem to arise or to have its installa- 
tions threatened by eventual damage. Also, it would be difficult to devise 
a scheme in which permanently non-recoverable contributions went hand in 
hand with sustained growth of KEG. 

The proportions of financing to come from credits, budget contributions 
and community contributions should be defined in their general terms. Some 
countries adopted a method in which the investment is divided into three 
roughly equal parts, the first to be financed by credits, the second by 
budget contributions and the third by community contributions. 

"4. 

Investment recovery criteria must also be considered in finance policy 
in the light of tariff possibilities and the aims of rural electricity 
development. Three typical cases will now be given,, but intermediate solu- 
tions are possible. 

e) Outright grants 

There is no question of recovering investments; budget contributions 
and financing are a matter for the State or the electricity development 
board and the tariff systems merely cover operation and maintenance costs. 

This system can be used to develop MHG in areas where incomes are very 
low, but because of its limited financial capabilities, only relatively few 
MHGs could be built. 

f) Partial grant 

In this case the budget contributions and community contributions are 
often regarded as part of the grant and the loans obtained are to be paid 
via appropriate tariff arrangements. 

g) Total recovery of investment 

though ideal financially, it usually proves to be impossible for a 
rural electricity development since it greatly hampers implementation 
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by restricting it solely to cases in which the likely income from supplying 
electricity will cover capital amortization and loan service charges ever 
a given period- 
Schemes of this type can "be used fcr MHG installed mainly to serve 
profitable productive activities, such as mining, agro-industry and so on. 



FIGURE 15 FINANCING UNIT 



(A) From planning unit 



1 


f 


Identification of 
finance requirements 


1 
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Identification of 
finance sources 
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Obtaining finance 
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Preliminary distribution 
of finance to the 
various units 



(A) To planning unit 
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5-6. CONSTRUCTION AND START-UP 

Our discussion will deal mainly with the problems and methods of 
construction as they relate to such aspects as excavation work, civil 
engineering, the installation of electromechanical systems and equipment, 
and the actual starting-up or the plant.' 

Of all the various types of alternative sources of energy* MHG pose 
the most exacting construction requirements because of the relatively 
large scale of the building operations and the considerable size of the 
installations. 

The construction processes will vary according to: 

- The planned installed power; 
The nature of the terrain; 
The location of the site; 

The mode in which the plant is to be used 
(independently or inter-connected); 

- The availability and skilled level of labour; 

- The construction technology; 

- The ease of access and transport; 

The technological sophistication of the equipment; 

- The climate; 

Particular factors in the case of multi-purpose projects. 

The construction process may be represented, in simplified terns, 
by the flowing flowchart, whose elements are analysed in the discussion 
thereafter. 
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a) Revi sion of studies and inspection 

The office responsible for carrying out the project (this office may 
be a part of the electricity board of enterprise) oust first of all define 
the areas of responsibility for the management and supervision of the 
project. 

The next step will be a revision of the studies and a site inspection 
concentrating on characteristics, specifications, and construction guidelines. 

The task of revision may be entrusted to independent professionals or 
consultants if sufficient trained personnel of this kind are not available 
or when a project is designed for direct implementation under the auspices 
cf a municipal government or private firm. 

b-) Acquisition of basic emii Client 

Considering the possibility of problems with delivery schedules, 
arrangements should be made for the acquisition of the equipment as soon 
as the revision of the studies has been concluded. In some cases, these 
arrangements may be begun as early as the engineering study stage.- 

The heading "basic equipment" normally covers such items as the 
turbines, speed regulators, generators, main valves, electrical control 
panels, and transformers* It may also include electrical materials and 
pressure tubing, together with the related accessories. 

C ) Cr^nWKna-H with th* f-inanninr unit 

This co-ordination is required in order to determine the modalities 
and time-tables of the release of funds for the various stages scheduled 
in the IVoject Construction Programme. At the community level, this co- 
ordination may also be tied in with co— ordination of disbursements and 
community contributions. In addition, the procurement of the equipment 
must be co-ordinated with the financing unit. 
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d) Co-ordination of community support 

Specific areas of possible co-operation must be identified as early 
as the study and implementation-decision stage. Co— ordination is required, 
prior to the commencement of construction, in order to produce some sort 
of formal agreement vrith the community covering, among oxher things, the 
following points: 

- Manpower: types and number of man-hours for each phase of 
construction; supervisory responsibilities; 

Materials: (generally inert filler materials such as stcne 
and sand, wood for formwork, etc.)? quantities, location, etc.; 

- Services: (transport., storage and warehousing of materials, 
personnel transport facilities, provision for security, exc); 
definition cf responsibilities. 

Depending on the type of social organization and the traditions of the 
country, such agreements will be concluded with the most representative 
authorities capable of mobilising the support required. These authorities 
may be community leaders, the senior officials of co-operative organisations, 
or the members of the municipal government* It is also essential to make 
certain that these agreements are brought to the attention of the local 
citizens and are supported by them. 

e) Construction -programme 

Hhe construction programme must be drawn up in harmony with the actions 
referred to in the preceding sections. 

The characteristics of the construction programme are determined by 
the nature of the project. In the specific case of MHG, allowance must be 
made for considerable margins of uncertainty in the various phases of execu- 
tion, this uncertainty being the result principally of the tentative nature 
of the studies, the logistic problems inherent in any project which involves 
only a minimum of administrative apparatus, and the difficulties that fre- 
quently arise, with respect tc organisation and adherence to progress sche- 
dules, in activities in which there is an element of relatively voluntary 
community participation. 
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QUESTIONS TO BE CONSIDERED IE PROJECT CGNS2RUCTCGN PROGRAMMES 



Excessively detailed programmes should be avoided, and 
programmes should be limited to a discussion of the 
principal elements only. 

The planning should include sufficient latitude for 
unforeseen developments, particularly with regard to design 
modifications, supplies, and work to be performed by the 
community. 

Preference should be given to the use of logical systems 
for the progress time— tables as a means of clearly defining 
the "critical paths", but with only the . principal events 
considered . 

In programing the vork tc be performed by the local community, 
consideration should be given to the possibility of interference 
with other activities requiring the attention of the inhabitants, 
particularly during the planting and harvest seasons. 
Arrangements should be made for technical support to :neet 
requirements arising out of unforeseen design changes, 
particularly with respect to civil engineering. 
In planning for the transport of materials and equipment from 
outside the area, consideration should be given to possible 
problems of access, especially during the rainy season. 
The modes by which materials are to be hauled should be the 
subject of advance planning, particularly when draught animals 
are to be used. 

All work-related responsibilities must be set forth in the 
programme* 



f ) Personnel recruitment and organization of community support 

The basic construction team may be organized along the following line 

- One supervisor (generally an engineer, who may be in charge 
of more than one project); 

- One site construction foreman; 

- Skilled workers (masons, carpenters, etc.); 

- Unskilled workers. 
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The supervisor engineer normally reports tc the office responsible 
for the implementation of the project. 

The construction foreman is frequently a contractor in charge of 
his own crew of skilled workers; the unskilled work force is provided 
by the local community. In situations of this kind, provision must be 
made for the prevention of any conflicts of responsibility between the 
contractor and the community. 

In organizing community support t specific personnel should be 
assigned to the construction manager. 

The installation phase will require a supervisory engineer (mecha- 
nical or electrical) at the head of a team which might consist of: 

- One mechanic/fitter; 

* One installation electrician; 

- Assistants 

The technical installation team will, in many cases, be provided by 
the project implementation office. The assistants may be drawn from the 
potential local operators of the plant.. 

Obviously, these recommendations regarding the composition of the 
construction crews are intended as guidelines only and are subject to con- 
siderable modification depending on the size and particular features of the 
project. The general aim should be to keep the technical team to the indis- 
pensable minimum, considering that it is a major cost factor, particularly 
in the case of small plants of less than 50 kW output. 

It is essential to remember that the presence in the community, during 
the execution of the project, of skilled technicians and workers may give 
rise to unusual socio-economic situations. The effect of these situations 
may be beneficial, by providing an opportunity for social and cultural 
exchanges, but it may also be negative if the outside personnel fail to 
adapt themselves to local customs or if, by their behaviour, they create 
problems. 
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In order to facilitate the participation of local communities in 
the project, consideration should be given to the formation of work fr-sups 
or "brigades, encouraged to fulfil assigned plan objectives. 

g) Excavation 

Higher or lower levels of mechanization will "be employed, depending 
cn the structure and socio-economic development of the country and on the 
size and characteristics of the project. In the case of MHG, frequent 
intensive use cf local .nanpower with lov levels of mechanization is pre- 
ferred. On the other hand, it is important to avoid underestimating the 
value of the community effort simply because it is not included in the 
cash budget, since a frequent error is to fail to provide for a minimum 
of mechanization capable of economizing on a large number of man-hours. 

The excavation of the channel is the major task at this stage. 
After this come the intake and the surge chamber with the silt basin and 
finally the power house and the penstock support structure. 

h) Construction 

The civil engineering works poBe greater requirements with respect to 
skilled labour, which may be supplemented through community efforts in the 
form of assistants and personnel engaged in hauling the materials. As a 
rcaans of broadening community participation, consideration should be given 
to the possibility of training local personnel, particularly as masons. 

The timely transport of materials is one of the most important factors 
in avoiding excessive costs and delays in scheduling. 

Depending on the conditions in the country and the nature of the 
terrain, the use of locally available draught animals may be of great im- 
portance. In instances when these animals are used, it is necessary to 
arrange for the preparation of appropriate paths and to plan carefully 
the movement of the loads so as to avoid interference. 

The safety of the personnel requires that consideration be given to 
their skill levels and experience, and that there be no scrimping on the 
use of the materials and equipment needed to ensure this safety. 
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Since the engineering plane are to "be supplemented or corrected 
during the actual work on the project, the experience of the construction 
foreman is a critical factor. In the case of wo&ifications which depend 
mainly on the terrain or on existing structures t the views of the local 
inhabitants may be very useful. 

i) Installation of equipment and electrical systems 

The installation of the equipment normally requires skilled and 
trained personnel. Nevertheless, an effort should be made to involve in 
this work any local inhabitants who appear potentially capable of being 
trained as operators, in order that they may become familiar with the 
equipment and the installation. 

Die Bafety and security of the electrical systems ie a matter of major 
importance for the continuing good operation of the plant and the protection 
of its operating personnel. It must be assumed that the plant itself will 
not be inspected or repaired with any great frequency. 

j) Start-up and accetrbance trials 

In this stage, which is one of transition to normal plant operation, 
the following points must be kept in minds 

- fixe acceptance trials must be standardized in documentary 
form according to plant type and size* 

- She actual start -up of the plant must be carefully planned, 
with duties and responsibilities clearly assigned and safety 
aspects provided for. The emergency procedures must be clear 
and well understood by all those talcing part in the trials. 

- as part of the start-up operation, the indigenous operators 
designated to be responsible for plant operation must be 
evaluated and their competence certified. 

- It is desirable that the suppliers of the main equipment be 
present at the startup of the plant. 



- 8U - 

5.7. OFEBATXQK AED MAIS' TEH ANCE 

In the four preceding sections our analysis has been chiefly concerned 
with MHG implementation from the point of view of the comprehensive evalua- 
tion of resources and demand, pre— investment studies, financing, construction 
and start-up, and indirectly with operation and maintenance. 

In this section, a number of considerations are discussed regarding the 
next phase in the establishment of the XHG, namely its use and on-going 
operation, ©lis phase is, of course, of decisive importance, since even 
projects which have been efficiently managed throughout their implementation 
may fail unless organisational schemes and operating modalities are established 
which guarantee the optimal utilization of invested capital. 

PBEQOHTT PROBLEMS IS MHG OPERAIXGH" AND KAHTTEHAKCE 



- Unsuitable administrative, organizational, and financial 
arrangements. 

- Insufficient liaison between the plant management and the local 
community and its organizations. 

• Limited capabilities for plant management and operation in 
rural communities. 

- Operating and maintenance costs disproportionately high in 
relation to the energy produced. 

- Excessive bureaucracy in the centralized management of small 
plants. 

• 3he high cost and problems of social adaptation associated 
with operators brought in from outside the community. 

- The frequently inadequate skill levels of locally recruited 
operators. 

- Excessively high tariff rates, inhibiting development in rural 
areas. 

- Rates too low to cover the costs of operation and maintenance. 

- Absence of technical support for maintenance and repair. 

- Inadequate component standardization and lack of spare parts. 



Per so . the problems of KHG operation and maintenance are simple, 
as described in greater detail in Chapter 7> The chief difficulties are 
institutional in nature and have to do with the running and management of 
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the plants as well as with the origin and technical background of the 
operators and maintenance personnel. 

the various administrative arrangements that may be adopted 
for MEG msaagement , three typical ones are discussed belov. 

a) Direct sub-ordination to a state or regional electric 

-ppygr authority 

Ad-vantages 

- The possibility of centralizing actions of greater technical 
complexity and of taking advantage of the economies of scale 
inherent in the over-all management of groups of plants. 

- High skill levels on the part of the personnel. 

- Solid financial and technical backing. 

Disadvantages 

- Each plant is by itself too small in the context of a large 
organization, with the result that, because of the extended 
decisionmaking channels, it may be neglected. 

- High operating costs as a consequence of high general ex- 
penses (overhead), operator and maintenance costs. 

- 2he remoteness of the authority, and thus of the plant, 
from the local community and its problems. 

» Problems in reconciling the needs of water for irrigation 
and generation. 

- Difficulties in mobilizing community support for maintenance 
work at the site. 

b) A Community Energy Enterprise, possibly in the form of a 
municipal enterprise, co-operative or other kind of association 

Advantages 

Activities centralized at a level facilitating service-related 
decision-making. 

- Greater ease in mobilizing community support for maintenance work. 
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- 2he resolution, within the community, of conflicts of interest 
regarding the use of the water. 

- Lower operating costs. 

Disadvantages 

- Little experience and know-how in business management. 

- Problems in collecting electricity hills and in the use 
of financial reserves for replacement and maintenance 
(which may occasionally be improperly diverted to other 
purposes). 

- The possibility of faulty maintenance. 

- Poor opportunities for economies of scale. 

c) Private Power Enterprise 

This arrangement, even in countries with a market economy, runs into 
problems when applied to public-service HHC in rural areas, since generally 
speaking, these plants are not regarded as investment opportunities offering 
an adequate profit margin, but as tools for the promotion of development. 

normally, the best prospects for this alternative are provided by inde- 
pendent producers who require energy for their production activities (agro- 
industries, sawmills, mines, etc.) and can sell any surplus power to nearby 
communities. 

The selection of the appropriate administrative arrangement will depend 
on the socio-economic structure of the country, the extent to which such 
plants have been developed there, the capacity and nature of the electric 
power enterprises, the size and remoteness of the plants, and finally the 
traditions, work experience, and managerial skills of the community. 

Without advocating any one particular scheme, it is often possible 
to adopt a combined model involving a communal, municipal, or co-operative 
enterprise in association with the state electric power authority. 
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5-8. EEQCIBMHTTS IK THE AREA OF HUMAN HES0U2CES AED TEAHJllTG 

IQie successful carrying out of KEG plans, programmes, and projects 
requires as a necessary condition to promote training including aspects 
related to non-convent icnal technologies applied to pre- investment studies, 
civil engineering design and construction and electromechanical equipment 
and repair and maintenance. 

STEPS TO BE FOLLOWED IS OBGANIZUTG THE COUBSES 



Infrastruct are survey of training establishments. 
Securing of the funds for the financing of the course. 
Establishment of a pilot training programme on the subject 
of the development of water resources, with particular 
reference to rural areas. 

Establishment of programmes to provide specialized 
training in MEG* 



It would be advisable to carry out a survey of the capabilities of 
the country with respect to centres of hitler education, research insti- 
tutes and special schools for the training of intermediate-level technicians. 

As an initial step, it would be well to establish a pilot technology 
trai n i ng programme on the development of water resources in rural areas. 
On the basis of the experience gained with this programme, a decision could 
be reached as to the possibility of organizing a specialized course in MEG. 

It would be best if developing countries began by organizing exchanges 
of experience among themselves before seeking to supplement this information 
from outsidr sources. 
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The various types of engineering training courses are discussed below: 
TYPES OF MHG C00HSES FOR ENGINEERS 



Training courses* 

Undergraduate regular courses in the field of 
non«^onvexrtional technology. 
Specialized post-graduate courses. 



The training courses, which are of short duration, are designed to 
provide current information on all phases of MHG design and installation 
for engineers whose activities are related to MHG development in their 
various phases of execution. 

A very important factor ia the need to improve the standard curricula 
of the engineering departments of Universities and Institutes of Technology 
by including in them courses on MHG and applicable non-conventional tech- 
nologies. 

Post-graduate courses as such will be conducted at a more advanced 
theoretical level and may. in principle, extend over an entire academic ' 
year. 

It is recommended that engineering courses be designed with the 
following points in minds 

CHARACTERISTICS CF COURSES FOR Jill GUI J5UUS 



Tne courses must be designed to consolidate the advances 
already achieved in the country. 

The courses will be organized for all areas of specialisation 

and will be graded differently according to area. The emphasis 

will be on the preparation of monograph studies by inter-disciplinary 

groups. 

Tne courses will cover the areas of civil, electrical, and mechanical 
and industrial engineering, economic administration, and operations 
research. 



OK* 
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The following are the recommended criteria to guide the preparation 
of the courses for Intermediate-level technical personnel: 

CHARACTERISTICS OF COURSES FOR IFTERMEDIATE-IiETEL TEEHHTCCIAES 



- theoretical aspects will be considered within the sane programme 
for engineers and as a part of in-plant training. 

- It is recommended that a "plant for training" be established for 
the training of technical personnel and skilled workers. Experi- 
mentation in the uBe of non-conventional technologies might also 
be conducted at such plants. 

- She courses will cover civil construction, electro-mechanical 
equipment, and administration, all primarily from the technical 
standpoint* 

- It is very important to undertake the training of mechanics 

and maintenance electricians through the establishment of training 
units in the major repairshops. 



Hie basic objective of these courses is to help to narrow the 
existing gap between the rjumber of people with higher education, where 
there has been a relative advance, and the shortage of intermediate- 
level technicians, which iB a general phenomenon in developing countries. 

With respect to training of MEG operators, here the preference should 
be given to institutionalized arrangements designed to train operators from 
rural areas. It has been concluded, on the basis of a certain amount of 
experience, that the first part of these courses should be carried out at 
the "school plant" and continued at existing KEG plants. 

7£he first part should be of a theoretical and practical nature, in 
keeping with the educational level of the operators. In the case of 
rural operators, it should be expected that they will have completed at 
least their primary education. 3he course would run three months and 
cover the following subjects: 
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SUBJECTS HO BE COVERED HI MBE OPERATORS* COURSES 



• Basic sciences (fundamentals of mathematics, physics, 
and chemistry). 

- Basic operating principles of an MHG and its equipment. 

- MHG operation and the interpretation of operating manuals. 

- Preventive maintenance principles and methods for HBG. 

• Maintenance and repair of building structures and 
installations. 

- Maintenance and minor repairs of mechanical equipment. 

- Maintenance and minor repairs of electrical equipment. 

- Mechanical and electrical "trouble shooting". 

- Identification of mechanical and electrical malfunctions. 

- Fundamentals of technical drawings and diagram reading. 

- Fundamentals of electrical installations. 

- de reading of instruments. 

- Bench work mechanics (fittings). 

- Safety in operation. 

- Fundamentals of administration and bookkeeping. 



The second part would be essentially of a practical nature and would 
consist of a two^anth period of operator training at an existing MBG 
under the supervision and instructions of a skilled operator. 
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IDENTIFICATION OF MANPOWER HEQUI HUtST T5 FOR EACH STAGE 
OF Aft MHG PfiOJECT 



A. Planning and Programming 
Engineers 

- Economist r and social scientists 

5. Global Evaluations of He sources and Demands 
Civil engineers 
Bydrologists 

- Geological engineers 
Geomo rphol ogist s 

- Ecologists 

- Electrical engineers 

- Mechanical engineers 

- Energy economists 

- Social scientists 
Topographers 

- Sydrometry specialists 

- Draughtsmen 
Engineering assistants 

C. Studies of Specific Projects 

Civil engineers (mainly structural engineers, supported 
"by specialist* in hydraulic engineering) 

- Mechanical engineers 

- Electrical engineers 
Topographers 

- Technical draught amen 

- Engineering assist ants 

- Test inspectors 

D. Construction 

- Civil engineers 

• Electrical engineers 

- Mechanical engineers 

- Topographers 

- Draughtsmen 

- Building inspectors 

• Electrical technicians 

E. Operation and Maintenance 

- Electromechanical engineers 

- Mechanics and electricians 

F. Each country must determine its manpower requirements for technology 
development and production of equipment and materials in accordance with 
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This statement of manpower requirements represents an ideal situation. 
In actual practice, - countries may "begin their programmes with fewer human 

M 

resources, since it may be expected that as the work proceeds they will 
be able to find solutions to their temporary deficiencies in qualified 
personnel* 

Figure it contains the flowchart for the training unit. 
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FIGURE IT TRAH3TRG TJSSS 
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5.9- SOTEESIS OF THE MHG BUI 113 DIG PROCESS ( PLA20OTG THROUGH COMPLETION) 

As indicated in the preceding sections, the decision-making process 
involved in the building of MHG must be of a comprehensive nature, for 
the reason that a number cf different factors need to be considered. 

As may be seen in Figure 10 > this process begins with a preliminary 
assessment of the prospects for these stations. HSxis phase must include 
a study covering the problems to be solved, the available water resources, 
and the country's capacity to undertake a project or projects in this area 
within the context of its national development planning, specifically in 
the area of energy development. Following the completion of this preliminary 
study, a political decision must be made as to whether to mount the neces- 
sary effort to build these facilities. 

If it is decided to move forward in this direction as part of the 
national development policy, the next step is to establish an organizational 
framework for planning snd programming and to devise procedures for the 
evaluation of resources and demand at the basin and sub-basin level to 
serve as a basis for the formulation both of a short— term development plan 
permitting the immediate implementation of specific projects and of a more 
long range plan envisaging the building of MHG on a large scale. In paral- 
lel with this process, policies must be defined and actions taken in the 
areas of financing, the development of human resources (training), com- 
munity participation, and technological development. This final aspect 
is critical to the determination of guidelines regarding the transfer of 
technology and the promotion of domestic equipment production. 

It is within the context of these plans and policies that the under* 
taking cf specific projects should be approached. The first stage in 
this connexion consists of the pre— feasibility ( survey) study, where re- 
quired. A pre—feasibility study should be considered only in doubtful 
situations requiring this kind of preliminary analysis, the fact being 
that in many cases it may be eliminated altogether in favour of moving 
immediately to the detailed engineering study, which will then merely 
include a supplementary economic and financial analysis. 
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The next phase of the project is concerned with the actual 
building of the plant and the installation cf its equipment, follov?ed 
by the start-up of the facility (for details see sections 5.6 and 7-4). 

Finally, there is the task of establishing the plant's operating 
procedures T which also include the areas of maintenance and administration. 
The essential work of tnis stage is described in sections 5-7 and 7- 5* 



- 98 - 



Wa— aart of aatu 



iaaa aaaan i t af taa mipiiti far MUl 

- S»t*i«iutl«B af taa *nUm ta 
ka aolv*4| 

- rrallainary idaaftlfluUea af ta* 
wtii> pa ear patantial an a mU 
aealai 

- Praliainary aatiaala af taa 
autional capability to introduc* 
KUO 



latloaal tmlatMi Plan 




fa a meat tin nf tba 
ImliMrt of RKC. 



Orgaaiaatloa of plaaninf ml' lien 

- Salaotiw of tba aaetor to ba 
wajMtUli fop taa ■oHtf 

- •oraulctlon of polieias, *trata«iao, 
asd da*alop*acit plana i 

» Praliminary foraulatlon af paliolaa far 
taa a o-c ruination af aotirltlaa «ita 



Caapwaaaalaa awaluaxlaa. of wa aaraaa ana* di 

- totality ranHiif of sanaa for do*wlon*ast| 

- rralialnary i*aatifl«»Mo« of projaetj 

- ftralaatloa of baaiaa and — b-baalnat 



^ o h nal ogioal ml 

- Fopattlation af polioioa 
for tacnnologioal lamiak 
and doaalapaantt 

- ldaatifiottion af cava* 
e&taaa fnj tba aanufaetura 
of «t|uii-*aut. 



Tranafar of 

taoawolocr 



Production of 
amtiowant 



BraUpwt af 



- Traimac 
planning- 
aaaad as taa 

■ praliainary 
aaaaawaa n t of 
eatmillyi 

— ftirwulation 
of iirogriaaaao 
for tha 
lapmaaiianl 
of curricula. 



T 



Formulation of tba 
ataort-'tora OS 
davalopnani plant 



- Preliminary 
litantifiaatia* 
of apacifie 
prajactaf 

- Saiabl iaaaant 
of dovalopaoBt 
prlaritiaa. 



Vonailation of taa 
lanr*am JOB 
dawolopaant plan 
(lar g a a o ala 
lapL*aantatim)i 

• Priority ranking 
of t-mjactat 

m Cnafilali'in nf 
taa aocio- 
aenfKMie 
atudim nf tha 
localltiaa; 

• Dofiiutlcn af 
r*mUra«atiLa for 
tha rra-iBvaat- 
■ni atudy> 



■inassinfi 

r* Idantlfl- 
cation of 
linaa af 
• radii and 
badea'try 
a nnirt Ul- 
tima far 
taa <ia«o* 
Irr-aant nf 

* Mrtanctnc 
a^ursaa 

for 

training 
am* taeh- 
nol£jJN^ 



Preparation of atwuoai 

rra-faaaibillty atudy on taa oaala of eonpraaan- 
aive planning and evaluation; 

Paaaibility rtudy in tha oaaa of doubtful projacxai 
Supplonantary aoanaaic and financial analyaiat 
Patailad anginaaring atudy. . . _ _ 



Building of tba WHO 



Start -Up 



Operation. nauitaaanea, and 

anaum at ration , 



Cc— unity 

participm- 

tl»ai 

• Organlw* 

li*n and 
proaatleii! 
- Juatita- 
ti'.nai 
arr/itsja- 
aacita. 



Figure IB 



-99 - 



DETCLOHOT OF TECHNOLOGICAL CAPABILITIES 

6.1. ASSESSMENT OF TECHNOLOGICAL CAPABILITIES 

The technological development of a country should be started vlth an 
inventory of its human resources and industrial potential. In the case of 
technological development for the construction and equipping of an MHG, 
the inventory should have as a point of reference identification cf human 
resources and also of the production of the equipment and materials as shown 
in the following two tables. 

As regaris the materials or equipment not produced in the country, the 
possibility of developing technology for the production of such equipment 
or acquiring foreign technology, provided the national or regional market 
justifies doing so, should be considered. Otherwise 9 the alternative will 
be to Import the material or equipment. 
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IDENTIFICATION OP PRODUCTION OP MATERIALS 
AND EQUIFMENT USFD IN MHG 



A. Materials for civil engineering work 

- Granular materials; clay and silt. 

- Cement . 

- Steel construction bars, 

- Pressure pipes for penstocks (steel, PVC, polyethylene, 
asbestos-cement ) • 

- Gate and butterfly valves. 

- Grates and gates. 

- Hood. 

* Steel cables 

* Bricks. 

- Tiles. 

- Nails. 

- Explosives. 

- Galvanized wire mesh. 

- Bolts, nuts, washers and screws of various types. 

B. Production of equipment and tools for civil engineering works 

- Pick-axes. 

- Spades. 

- Wheelbarrows. 

- Motor pumps. 

* Concrete mixers. 

C. Production of electro-mechanical materials 

- Copper and alloys. 

- Structural steel. 

- Stainless steel. 

- Shafts. 

* Bearings. 

- Electrical conductors. 

- Posts and accessories. 

- Electrical materials. 

13. Production of electro-mechanical equipment 

=- Hydraulic turbines. 

- Speed regulators. 

- Electricity generators. 

- Measuring instruments (voltmeters, ammeters, power factor meters, 
frequency meters, kilowatt meters and energy meters, manometers). 

- Mechanical transmission systems (gears, belts and couplings). 

- Measurement and high-tension power transformers. 

2. Industries 

- Casting. 

- Metal working and engineering. 

- Precision engineering. 

- Electrical engineering and allied industries* 
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2. EQUIHCTT 

a) Manufacturing capacity 

Once the materials and equipment for HHG produced in the country have 
been identified, an analysis must be carried out to determine the advisability 
of producing the equipment not being manufactured* Some of the requirements 
which should be taken into account for the production of MHC equipment are 
given below. 



BEQDIHH4HTTS FOR THE PH0DUCT10N OF MHG EQUIPMENT 

- Adequate technical information for production is required. Trie re 
are the .following alternative sources of technology. 

- Research by the manufacturer himself; 

- Research by centres and institutes in the country; 

- Purchase of technology from ioreign manufacturers 
and research centres* 

- ' In order to supplement the requirements in respect of production 

of equipment, emphasis should be placed on those items which are 
of a size and type making them appropriate to the productive 
infrastructure of the individual country. 

- Xne use and adaptation of materials of domestic or regional origin 
should be maximised. 

- She equipment produced should be standardised. 

- Production lines associated with those for related equipment should 
be set up, since exclusive production of equipment for MHG is not 
justified owing to small-market size. 

- The production of spare parts, mainly those subject to wear, should 
be contemplated, and a permanent stock of such parts maintained. 
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ALLIED lira US TRIES FCH THE PRODUCT! Oil OP SCK2 MHG EQUIPMENT AND MATERIALS 



EQUIPMENT OR MATERIAL 


ALLIED INDUSTRY 


PRESSURE PIPES FOR PENSTOCKS 


FACTORIES MANUFACTURING PIPES WHOSE 
MARKET IS DETERMINED BY DOMESTIC 
INDUSTRY RATHER THAN MHG. 


RTDRADLIC TURBINES AND SPEED 
REGULATORS 


METALWORKING AND ENGINEERING ENTER- 
PRISES, FACTORIES MANUFACTURING 

EQUIPMENT, FANS, MIXERS AND FOUNDRY 
SHOPS. 


ELECTRIC ITT GENERATORS 


FACTORIES PRODUCING ALTERNATORS FOR 
THERMAL ELECTRICITY GENERATION UNITS 
FACTORIES PRODUCING ELECTRIC MOTORS. 


*pB ffi gy^Hifpgg HfLiP-TRT^Mf 
MATERIALS AND ACCESSORIES 


ELECTRO-MECHANICAL M' CEINARY 
INDUSTRIES. 



b) Development and adaptation of technology 

Technological research and development can he one of the 'basic tools for 
promoting and sustaining programmes for the construction of MHG in individual 
countries, since the technologies involved are mature, and only adaptation 
and innovation processes of a non-conventional nature, permitting adjustment 
to the specific conditions of the individual country, are required. 

Since it is not possible to establish a single organisational pattern 
for the development and adaptation of technologies which would he applicable 
in all third world countries, owing to the great diversity of existing situa- 
tions in respect of research activities, programmes for the construction of 
MHG and industrial development, only a few general recommendations and alter- 
native organizational patterns are presented in the next table, for the guidance 
of those countries which are interested in promoting their programmes fcr the 
development and adaptation of technology in respect of MHG. 



In tae MHG national development plans of each country, the development 
and adaptation of technologies for equi:-aent vdll have to be locked upon 
as part of the planning, and fcr this purpose it will be necessary to 
determine specific policies, general objectives and the resources to be 
allocated. 
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FIGURE 20 TECHNOLOGY DEVELOPMENT UICT 
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FIGURE 21 TYPICAL SEQUENCE 127 TEE EXECUTION OF A 
SPECIFIC TECHNOLOGICAL RESEA RCH PROJECT FCR 
KHG EQUIPMENT 
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c ) Acquisition of technology 

Depending on the level of development of each country as regards capa- 
city to geterate usable technologies, project-execution possibilities and 
prospects for the implementation of production of equipment, it will be 
necessary to acquire a greater or lesser amount of technology from other 
countries. 

Bie various means of acquiring knowledge which can be used in production, 
ranging from technical assistance and the provision of information to the 
purchase of technological packages to set up production lines, including 
detailed plans and instructions for manufacturing, assembly and technical 
services, can be looked upon as purchases of technology. 

Host countries have their own legislation regulating the acquisition of 
technology, and it is therefore impossible to lay down specific guidelines on 
the matter, but general recommendations can be made regarding the acquisition 
of technology for manufacturing KHG equipment. 

As regards MHG, the acquisition of technology relates primarily to the 
electro-mechanical equipment and accessories. 

Some considerations and recommendations which should be borne in mind 
in connexion with the acquisition of technology are given below: 

- With a view to achieving technological development in keeping with 
the characteristics and industrial capacity of a country, it is advisable 
to limit the acquisition of technology to those cases in which the develop- 
ment of technology is not considered to be of interest, or when research 
work does not afford prospects for the application of results in periods 

of time shorter than those required for achievement of the same results 
by industry. 

- She acquisition of technologies should take place through a pro- 
cess of selection of alternatives and should be limited to those parts in 
respect of which the level of technological development attained makes 
possible full production, in keeping with the priorities laid down for 
national technological development. The acquisition of technology should 
be organized in such a way that it constitutes a real contribution to this 
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development in that it permits the assimilation of knowledge by national 
technicians. Disguised commercial elements of acquisition of technology 
and technical assistance, aimed only at the granting of exclusive licenses 
under the appearance of "bilateral assistance programmes, must also he 
avoided* 

- The acquisition of technology will be justified when the complexity 
of the equipment or of some of its parts surpasses the development capa- 
city of the country. Acquisition should be confined to those elements 
which are necessary and cannot be designed and/or manufactured in the 
country without foreign assistance. Best rict ions making it necessary to 
import parts which could "He locally produced should be avoided and, on the, 
contrary, the local manufacture of components and use of materials available 
in the country should be promoted. 

- The fullest and most careful analysis possible should be made of 
alternatives prior to any process of transfer of technology. Inclusion 
of the largest possible number of alternatives under the same terms of 
reference should be ensured, sud evaluation criteria should be laid down 
prior to the analysis. Technologies appropriate to the industrial and 
technological level of development of the country, using mainly local raw 
materials and labour, should be given favourable consideration. 

- Contracts for the purchase of technology should be concluded with 
fixed periods of duration, at the end of which, the obligation to pay 
royalties ceases, and the royalties should be fixed only on the basis of a 
percentage of sales, avoiding the inclusion of rainimum-p aym ent obligations* 
Restrictions with regard to the scope of the market for products should also 
be avoided, and obligations to purchase raw materials from a given supplier 
should not be accepted, thus preserving the freedom to purchase on the 
market if more favourable terms can be obtained. 

- In order to improve national enterprises' negotiating capacity 
in respect of the acquisition of technology, it is important that clear 
policies should be defined with respect to the acquisition of technology 
and that legislation should tend to limit the imposition of restrictive 
clauses by suppliers and technology. 
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d) Import of equipment 

If the specific charact eristics of a country as regards its industrial 
policies or production capability are such that the local manufacture of 
some types or sizes of equipment is not justified, these items must be 
imported. In these cases, personnel trained in the analysis and selection 
of alternatives and the technical equipment required for carrying out ac- 
ceptance testing are necessary. The support which can be extended in this 
field by institutions engaging In technological research is important. 

In purchasing equipment, the following technical considerations must 
be taken into accounts 

- The capability for the manufacture and repair of components 
and spare parts in the country; 

- Characteristics of maintenance and operation appropriate to 
the conditions of use; 

- ability to withstand situations arising out of errors of 
operation; 

- Ease of assembly and disassembly of parts and accessories. 

In addition to the requirements in respect of fulfilment of technical 
specifications, guarantees, costs and delivery date for equipment, suppliers 
of equipment should be asked for the following: 

• General drawing of equipment; 

- Information on the materials used in the main components 
of the equipment which are subject to repair; 

- Lists of spare parts; 

- Instructions for assembly, disassembly and repair; 

- Technical assistance for the training of local personnel 
responsible for the maintenance and repair of equipment. 

For bidding or tendering for the acquisition of electro-mechanical 
equipment for KEG projects, it is important that the following technical 
data should be provided: 

- Usable head; 

- Maximum generating power at the contacts of 
the generator; 
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- Generating frequency; 

- Generating voltage; 

- Environmental conditions under which the equipment operates. 

The suppliers of the main pieces of equipment should also be asked 
to provide the following technical data: 

- fype of turbine and its specifications; 

• Efficiency curves of the turbine operating under different 
load conditions; 

- fype of speed regulator and its specifications; 

- Characteristic curves of operation of the regulator; 

- rjrpe of mechanical transmission or direct coupling between 
turbine and generator; 

- Specifications of the control panel or switchboard, including 
ranges and accuracy of the instruments integrated into it. 

When bidding or tendering is carried out, it is recommended that a 
list of possible suppliers should have been identified in advance. These 
should be asked to provide information on: " 

- Reliability and efficiency of their equipment; 

- Cost indexes; 
Credit facilities; 

- Expected life term of equipment; 

- Fulfillment of delivery dates; 

Ease of adaptation of equipment to loc**l industry 
for the manufacture of spare parts. 

6.3* DEVELOPMENT AHD 4DAPTATOT OF TECHNOLOGIES FOR CGKS3S0CTCGV 

In this connexion, it is essential to stress the need for research 
both on methods of construction as such and on the use of non-conventional 
materials. The research must be linked with investment projects by means 
of pilot plants. 

Although the design and construction of civil engineering works are 
largely determined by the nature of the site, the possibility of preparing 
manuals envisaging standardization or semi-standardization of civil 
engineering works must be investigated. 
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Furthermore f it is very important to organize research relating to 
the production of pre-fabricated elements for civil engineering works. 

&e institutions carrying out research on materials and various elements 
for KHG, should co-ordinate their activities with the units engaged in engi- 
neering activities in the field, which may he carrying out research in the 
context of investment programmes during and after construction. 

She research concerning materials should be oriented towards establish- 
ment of their hydraulic and mechanical properties. 

In general , there are two technological alternatives as regards civil 
engineering works, namely, a conventional one based on the use of concrete, 
reinforcing steel and structural steel as well as considering separately 
the structures conforming to a MEG, and another which involves a minimum 
utilization of these materials and endeavours to integrate structures (such 
as const rusting the silt basis and forebay in a single structure), and 
utilize existing infrastructure (such as existing irrigation canals). As 
regards methods of construction, mention can be made. of the ones based 
mainly an intensive use of labour (in the optimum case, with participation 
of the community), the ones baaed on intensive use of machinery and mixed 
cases. 

It would be very advisable to promote or support surveys to increase 
knowledge of existing production capacities of materials so as to be able 
to develop their supply. 

Construction technologies should be disseminated by means of manuals 
for the design and execution of works. 

6.4- CHECK LIST OF HEHN01OGICAL JdJSEBSkHVES 

She technological alternatives most suitable for each country cannot 
be rigidly stated because the conditions calling for the establishment of 
programmes for the development and adaptation of technology for MEG will 
also vary, as will conditions relating to geography, hydraulics, labour, 
availability of skilled manpower, appropriate financing, etc., all of which 
have a bearing on determination of technological alternatives. 
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Taking into account the above comments, a selection of possible areas 
of interest for technological development is presented below* 

a) Const ruction 

The various materials which can be used in the civil engineering works 
for MHG are analysed below. It is important to stress that, in the context 
of non-conventional technologies, the following is taken into account: 
use and improvement of existing intakes and irrigation canals; fore bay 
installed "in-line" with the canal and including the silt basin; penstock 
conduit in non-metallic materials, dams of artisanal construction, reduction 
to a minimum of the use of costly materials such as concrete, and use of 
non-conventional materials such as ferro cement, soil cement, etc. 

It is advisable to specify materials taking into consideration the 
applicable national standards, and when these are not available, use appro- 
priate foreign standards and norms. It is important to promote the deve- 
lopment of national standards for the main materials employed in KBG, in 
order to ensure the drafting of adequate specifications and a good quality 
control. 



TECHNOLOGICAL ALTERNATIVES III RESPECT OF MATERIALS 



MATERIAL 


USE 


ADVANTAGES 


DISADVANTAGES 


Clay and silt 


Dams or core valla 


Ml ffh Aootfpa rif* 1 mnp-rnnPn'h'l 1 4 ¥ v 
si&f^ii ucgi c« vn mean J.X1 w j 




Granular 
materials 


Dams or core calls 


Low degree of impermeability 


Better performance under external stress 


Wood 


Dares, penstocks, power 
house, gates 


Low price 


Short life 

• 


Gabions 


DfifllB * n Aflfkl sj 

protection of slopes 


T/tu nnnf, ■ Mnl 1 v nil Ant ad tn 

ihs sits 


rcrmcauxc uux^xng bite mi iiai per ipu 


Concrete 


Dams, panels and ancho- 
rages, oore walls, fore- 
bay, power house 


Durability; resistance to high 
compression 


High cost; poor performance in torrent, 

works p 

in 

i 


Ferro-cement 

Soil- 
cement 


Linings, silt basin, 
forebay 

Linings, dams 


Low cost; high general resistance 
Low cost 


Low resistance to concentrated and 
pearcing loads, erecting const rue tirn 

Poor durability, low resistance 


PVC 


Penstock 


Low cost s light weight, rapid 
installation, easy adaptation to 
profile, low head losses 


Relative fragility; it is convenient to 
bury them i low resistance to solar 
radiation 


Polyethylene 


Penstock 


Continuous lengths, withstands 
considerable deformation, ease of 
transport and installation; good 
resistance to impact and solar 
radiation 


Joints require special steel couplings 
which are exacting to install; high 
head losses 



MATERIAL 


USE 


ADVANTAGES 


BIS ADVANTAGES 


Asbestos* 
cement 


Penetock 


Lower cost than in the case of 
PVCf good adaptation to the 
profile of the fall; no 
expansion joints required; 
reduced head losses 


Relatively heavy and fragile, so that 
. it is advisable to bury them 
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b) Equipment 

The list below de scribes the principal items of equipment used for 
KHG, together with a number of recommendations for the development of 
technology research projecte. 
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HYDRAULIC GENERATORS 



TYPE 


GE33ERAL CHARACTERISTICS 


PELTON 


- This is a tangential-flow action turbine consisting 
of one or more nozzles and a runner carrying a 
certain number of buckets. 

- The range of application of pelton turbines is 
limited to low specific speeds. Operating with 

hi^ffa hfiads and TftduftftH f*l nwfi ■ fiiTiMnp nan vin 

■ 1 Ag)** i>w gfcj Ft CM ■ i< i wlAUWvU ^^V#"B, VM^S V WChU £ TV 

an efficiency of approximately 85 per cent. 

- Its manufacture requires an industrial plant 
equipped to perform operations of casting, welding, 
cutting and basic machining (turning, planning, and 
drilling). The runner and nozzles are normally 
produced by casting. 


MICHELL-BAHKI 


- This is a partial-admission, cross- flow, action 
turbine with radial intake, and consists of an 
injector and a runner having a certain number of 
curved blades. 

- Ibis turbine* s range of application lies between 
that of the double-nozzle Pelton and the high-speed 
Francis turbine, in situations involving medium 
heads and moderate flows. This turbine can operate 
with efficiencies in the order of 80 per cent and 
generate up to 1,000 kW of power. 

- Because of its particular geometry, the Michell- BanJd. 
can be easily produced and is regarded as a low 

cost turbine. 

- Its manufacture requires an industrial plant 
equipped to perform welding, cutting, and basic 
machining operations (turning, planing and drilling). 
This turbine can be produced using welded parts. 
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TYFfc 


GBTEBAL CHARACTERISTICS 


FSAHCIS 


- The use of this turbine is restricted to medium 
specific speeds and, like the Michell-Banki type, 
to medium heads and moderate flows. Its efficiency 
lies between 83 and 9C per cent. 

• It 8 manufacture requires an industrial plant vith 
the necessary equipment for casting, welding, 
cutting, and machining. 


AXIAL-TZFE 


— This is an axial-flov: reaction turbine, whose speed 
control system is incorporated in the runner in 
the particular case of Kaplan Turbines. Its area 
of application is limited to fairly high specific 
speeds. Operating with very low heads and large 
flows, it is capable of achieving efficiencies of 
about 90 per cent. 

- Its manufacture requires an industrial plant set 
up for casting, welding, and cutting, and equipped 
with the usual basic machine-tools. 
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SPEED REGULATORS FOR HYDRAULIC TUBBUTES 



TTPE 






- This regulator consists of an electronic device 


(with flow control) 


designed to detect variations in the speed of the 




turbine on the "basis of the variations in gene- 




rating frequency that accompany a change in load, 




and an electric motor which drives a mechanism 




opening or closing the turbine's flow regulation 




valve in either direction. 




- As the electronic unit is the same in all cases 




and does not depend on the power , this regulator 


• 


is inexpensive to manufacture, the electric motor 




being the principal variable cost factor. 




- Its manufacture requires an industrial plant spe- 




cializing in electrical and mechanical work and 




with its own electronics shop. 


EBESGT-PISSIPATIOir TTPE 


- This regulator consists of an electronic device 


( electrical -electronic ) 


designed to detect variations in the speed of the 


• 


turbine on the basis of the variations in gene- 




rating frequency that accompanies a change in load 




and a system of electrical resist encee that in- 




crease or reduce fictitious loads to maintain 




constant load on the turbine. 




- The electronic devise is similar to the one re- 




quired for the electric-electronic regulator with 




positive water control. 




- Its manufacture requires an industrial plant with 




an electronics shop. 
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TTPE 


GHTERAL CHARACTERISTICS 


0LBO-MECH4KICAL 


- This kind of regulator consists of a speed 
sensitive element, usually in the form of a 
centrifugal pendulum, a force distribution element 
incorporating a pressurized oil distribution valve 
and a servomotor, a compensation and reversing 
system designed to stabilise the velocity of the 
group, a gear or sliding vane pump, and a number 
of actuating devices to control the flow-regulation 
valve of the turbine. 

- Die cost of manufacturing this regulator is, 
comparatively speaking, higher than the cost of the 
sleet reflect ronic regulator, and its production 
requires an industrial plant equipped to perform 
welding, cutting and precision machine-tool 
operations. 
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ELECEHCA1 GESERATOBS 



TYPE 


GHTERAL CHARACTERISTICS 




ALTEHSATOitS 


- These are generators whose design incorporated a 
voltage regulator and reinforced coils capable of 
withstanding turbine runaway speeds. 

- For economic reasons, the use of two— or four* 
pole alternators is recommended for MSG. 

- Xauuf acture requires an elect ro-mechanical plant 
with basic machine tools and equipment for the 
winding of coils, welding, and cutting. 




■LHUUCTIQS GS3TE&ATQRS 


- Uiese are induction motors operating as generators 
either independently or in parallel with an 
alternator. 

— Their fabrication requires no more than the adapta- 
tion of existing electrical motors and can be under* 
taken at the manufacturing plant itself. 

L ,„ 1 
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AFTBDACHE5 10 SPECIFIC PBDJBST5 
7.1. SPECIFIC ASSESSKEfl'T OF DEMAND AKD HBSOUHCBS 
a) Demand 

In important point to remember is that the demand estimated in 
the planning phase will be used for the specific projects phase. 

Demand is assessed in the light of local and regional conditions. 
Tue potential electricity demand is calculated and a global estimate of 
future demand growth is prepared by establishing a planning target to 
be achieved in a time equal to the estimated time required for a grid 
supply. 

Tlieae analyses require field investigations and processing of the 
data discovered. 

ACTIVITIES REQUIRED FOE SPECIFIC DEMAND ASSESSMENT 



Identification of the major development complex of the zone. 
Identification of area of influence of development complex. 
Inventory of socio-economic activities; 

Identification of possible future growth factors in the zone. 
Analysis of data yielded by field work and other sources. 



Sequence of phases in demand estimation might proceed in accordance 
with the following block schematic diagram: 
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General analysis of socio- 
economic activity 



Identification of most 
important activities 



Calculation of capacity 
nearest to potential demand 







Determination of "basic 
allocation or capacity of 
family unit 



Regional analysis, economic 
grovtn trends analysis and 
demograpnic analysis of 
capacity 



Market study 



Estimates of payment capabi- 
lities of communities. 
Study of alternative costs 
of diesel generation 
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b) Be sources 

Resources are estimated on the basis of analysing existing cartographic t 
geological » geomorphological, hydrological and econological data, supplemented 
"by field surveys, headwater Buz*veys and topographic surveys. 

Poa eible headwaters are identified from information supplied by the 
local population. Headwaters near - i.e. within approximately 15 km - 
settlements in the basins under study are researched and their dischargee 
surveyed. 

The available head is determined by simple topographic methods. A 
pocket altimeter is satisfactory for high falls. A precision altimeter 
should be used for low falls. In both cases a spirit level can be used 
as well. 

7.2. SELECTION OF TBDBNOLOGT FOR TEE DEVELOPMENT AND DESIGN OF MEG SYSTEMS 
fliaifTBiy. DESIGN CRITERIA 



Characteristics of region, such as access facilities for possible 
future use of building equipment . 
Availability of local* building materials. 



a) Only intake works 

CRITERIA FOR SITING XBTiEX WORKS 



Look for maximum narrowing of stream channel in order to minimise 
spillway length and, therefore, excavations and structural work. 
Look for site in accordance with sediment conditions. 
Search for best foundation for structure, preferably on rock out- 
cropping* to ensure stability. 

Choose minimum length of conduit in contact with maximum waters in 
order to reduce amounts of reinforced concrete. 
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b) Conduit system 

DESKS' CRITERIA FOB CQHDUIT STSTEM 



Suitable design on plan to minimise excavations. 
Minimum water flow rate of 1*0 m/s to avoid sedimentation. 
Duct cross— section close to optinnsn hydraulic value. 
Check on seepage to determine whether duct walls and "base 
need lining. As a rule of thumb, lined ducts cost tvice as 
much as unlined* 



c) Silt basin - surge chamber 

CRITERIA FOR DESIGNING SILT BASIS' AID SURGE CHAMBER 



Check capacity to ensure appropriate supply to penstock, 
absorption and damping of oscillations arising from opening _ 
and closing of inlet valves due to variations in turbine 
loading, and control of water level at penstock inlet. 
The design di mentions of the silt basin should be determined in 
the light of the permissable size of the particles that can be 
allowed to enter the turbine, and the characteristics of the solids 
in the water* 

Die depth of the silt ba*in should be such as to preclude dis- 
turbances due to rising and descending flows caused by t a my r a t or e 
changes. 
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d) Penstock 

CRUEIA PQH FfflTSTOCK DZSIGH 



- Various materials are suitable. 

- Various types and sises can be used in combination to achieve 
optimum solutions* 

Die following shows the various materials which can be used under 
different heads (in metres). 

jpm 50m lDOm 15pm A ^ 600a 800n 

SHEKEL i i 

wjJXLEABLE IROBT 

PLASTIC — 

CBaaiT ASBESTOS 
FVC 

POLT2HH2S — - 
TUBER 

In order to withstand the maximum permissible water hammer for power 
stations, the rated pressure of the tubing should be something like 30 
per cent more than the gross drop. Water hammer surging can be con- 
trolled by appropriate closing timing of the controller. 

- Building costs, which increase with diameter as well as 
with ground conditions, should be balanced against tubing 
pressure drop, which reduces output. This comparison will 
help to determine the optimum diameter. 

- Anchorages should be designed for safety factors based on 
overturning, sliding and bearing capacity. The tubing should 
also be studied for three different kinds of load - dynamic 
pressure load on tubing, static pressure load on tubing and 
load on empty tubing. It is also advisable to design a filter 
to extend along the whole length of the penstock to drain 
possible seepages. 
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e) Powerhouse 

DESIGN" CHITERIA FOR POWKRHOUSE 



• The area to be 'built on depends upon plant requirements, on head, water 
flow and number of units. If enough funds are available, a residential 
area can be provided for the operator. A water supply system with filter 
bed purification and a sewage system with septic tank can be provided* 

- Drains and/or some other system should be provided around the power- 
house perimeter to intercept surface water and keep down the level of 
the water table. 



DESIGN CEITERIA *Ofi TSAHSJCISSION LUTE 



DESIGN VARIABLES: 

- Line voltage. 
* Capacity. 

- Power factor. 

- Length. 

- Height above sea level. 

- Average, maximum and minimum outside temperatures. 

- Hind speed* 



7.3- BOXUOTG METHODS 

The various possible methods for building the elements which make up an 
NIG will now be considered. 
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■aalaa* an «saf ta ioataU acsl oh— p . PaaaiU* a>t |i a * » **rlT on on 
aa ar**aatad ay Mscrata «r t later aalkaaada. Condltioa* aajr taeeM 
orltlaal arita mr la* Am la aaaaa la aaic* alcnlfleant Inmi ax* 

If aaaraarlata aaterlala ar* aaallcbla la tka raglan, it la worth eon- 
alaarlac taa altaiaatlaa* af aaaalv* monti or of brle^ Masai.** 
Wlliti aaa ta* advaatac* ef aai&c approprlata r*ak oaalaff fro* axeava- 
\±m aaifca. tola ii taa aaat aolntlan for tttaa vita alga «««r aaaa* 
mr Aaaa, vat feaadatloa pmalaaa ar* aach Malar *ltfc aaada of bale* 
aaa awtiaa. ta* aala iXttmulty la that aim tea atraetar* la vXgit, 
■laattn aa* aaaa* aa* to differential aattlaaaata. If taar* ar* faaUltit 
far tfauaortlar aatarlale aad aajsiaaast, aUaraatia* a na a ia a A atraetaraa 
tar ta* daa aad iatafc* of ralaferaad oanervt* aaa aa eanalaarad, proviead 
that taa atraetmra la ef aaall alaaaaiou. 



af* vajriaaa poagUilltlaa. It taar* ara old atraaa aaaa, taar oaa 
aa MTiwil Vy aaaaaatlan and taa imXn divwiad threat* taaa, ao taa* 
taa aaaattraatlea ef taa 1st as* erataa aaa praaaad nrtmally a**j>l**aly dry. 



aaaalmUltT la t* «aa aaaa* slUaf . &a lata**, lock and a aa dul t 
kraatad flrtt, taaa taa aalllifay U eeaatraatad wall* taa wasar 
Claw throve* taa leak aad lataka. ftla altorsatlwi stUi for aaaa* alllac 
«f aapiaalrtli laafth aad radaaao taa aaaa* aaallaala far wstttaf aarlnc 

aaaaliaallaa taa aaslaaa aafaJaalala alaaaarga af taa laak la i r taa 

rlat of float a aaaaa. 

a am jartlfia* ay 

wit* taa akaet alll&ff 




tUt aaata 

- fU» aaa aa aaaltlanad laawdiatalr aftar taa lataka aarka, la waiah aaaa 
taa ■o aaaaaa af taa flaw la *aa<l aaaaaaj oa llr far aaalaaat alaawUaaaa fk 
aa*er ahaaU at a* a* frao af iHUaili alaaf taa aaaatraatlaa aaaaalt, ai- 
taaajfc aaalaaat aar oaaar la lta aaaa ram. 



altoraatlaa la to aaa a aanMaaw aaad trap aaa f*r***r* Ala eatlaa 
la af aaa j aja aaaaa hat raaaira* a footer flaw rata threat* taa aaadalt 
ta ai aaa ai aallaatallaa 2t la aaaally aoinlatad alta taa aaa af aarta 
aaaaslta aad la aaafal ta HaPa* 



Maal alaaa ara wy ■t aa a a l aa fraa kata ta* aasarlala aad laanaUaUaa 

Caaaat aaaa at aa alaaa ara aaaaa a> aad aaalar ta aatala, altaaaga 
aaaa taar* aay aa Ilaltatlaaa aaa to ta* inlaw aaaaiinlillj 
dli 



■ara aara tkaa la oar ataar aart af ta* elvil ■fiaanrlBC «*tto T ta* aaa 
af >ia faaiAaatad a l oa aal * aaa a* aoaaleerad aa a aaaaa af oattlar eaata. 
It la *»!*> laaartaat ta war la alad laaal aaxanala, aat aaly for raaaaa 
af aaat act ala* af ujiaiaaai aat alao tafelac In* aaaaidaiatlaa taalr 
■■■anai asaar aalaalB aoailtlaaa. 
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7.4. smctxoi of lanim? 

NB0 aaalacaat akoald aa ealaeted free tke oomicIiI eatalogw* of aatlaaal 
aad International iikfit of standard osal ma o Bt . Ifco nam nImUoi mtMi 
akoald ba rellakllltr and caaaaeeee. 

&• feOlowiBf tenia fiaee details af tee araeadare far eelaetlaf tka a&atesa 
Itena ct XZO eqalpaant. 



XQBXMBT 


SBXRUi rtaasax 




treat Mk 


Ulnwakle aartlale Am 


- AaaerdiBf to tka ■paalflBrtia? af 
tarttne aeterlale, einAaea flaw aalaa 
tioa aa keen. Ola «aa V* far ante- 
actio ar a anal olaaitef. 


Telaa 


npa alee, nreaact* 


- Bftiw'iy wad fata, ketterfly, ant 
enaariaal valaee, annul 1 at ta aaaa 
itu, twain* laftafea, eater aaai end 

alaaaaal Bfi ^4jBhm_. 


3arb£ae 


Uaebuee 
Feaaj 


• Oaaa tka ekaraaterlatlea af tke tajalwa 
aa explained Chapter 6 af tkia Baaeal 
m bete aad ease generate? aaaad la 
emoan t a tarsiaa aaaad aaa sa daaHlad " 
aa and tka tast kind af tsra&M aaa ha 
selected maisr tka aalecdeleGr «l«*n !■ 
iaaax 1 af tkta malt raaaaaar tbat 
tertian east la iaii'i— ly aniaitlial 
ta twrelae aaaad. 

- Caaa tka kind of tarktac aaa aaaa eosidod 
aa, a el art a id nodal aeltanle far tka 
a* ad, diaaaarga aad power ia eelee-tad 
fraa o teen del aatalafaaai these aaaa- 
aatara will detemiao tarttaa aaaad, 
«Usk will net diffar finally fraa tka 
plana** aalaa. 


east roller 


Genealtr 


m aelestlen af tka aaaad eostaeUar ta 
enteantls aaaa tka tmrfciae hea aaam 
eeleeted. 

ar olonlm oT iliaili. 


Tartdne/ 
Pan easier 
traanalaalae. 


m 

Load 


- fka — isklnsl trananlaeian kataaaa tke 
torktaa aad tka faaeratar akaald aa 
aalaatad ia tka llakt «f tka eases* af 
eack aad aearlBt 1» ■*»* tkat halt trass* 
alaalen la «aad far ilea aaaada aad 
putif far low aaaada. If tka tmralna 
and fonerater hath rat at the aaaa aaaad* 
a dlraat a—allnc la seed* 


riminiiii it or 


Ganaaitr 


- 9ha fuaraticn nltaaa aad fruanmwr/ are 
aalaatad elth referee** ta each oeeatrr*e 

eleetrleol amaaaarda far foaeraftlaa. 

- Ska aaat appropriate kind of fanatvtar 
aaoald aa aolaetad aaaardtafly, aa 
ladleasod Is Chapter 6 af tela ■■mini. 

- A fsaarstar of tke rsaalred eaaaolty aad 
faaerBtloa fraaeaany aad voltage akoaM 
taa identified la tke aaasarelal eaae- 
lagnae. knar «a alad task faaaraiar aaat 
la iBaaraaly aiaaartlaaal ta lta aaaad. 
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C a a aait? 

taitaf* 



tl 



capaaitr 

feltat* 



- 1 *anr«l paaal bbobM a» aalaetad *• 
wit t*a f«MT«t«r'a hiIm rawanltj, 
TBltac* fraquaac?. ui ddU 
&• %c vaa tfca lHfi powiUt ant of 
Ufltvia tatjon MapaUUa affao- 
tlaa •antral. 

- ion avltaga la aalaetai 1b 
hmmmm with Ha epwrtry" » ataatarda 
tor tnuioiam and tat 1i«i[nw te 
at aaad hb at aalaetad 1b oaaaarclal 
aatalegaaa aa tat aaata ef capacity. 
■MBMr that ahsrtKimlt carraata aar 
a* ar siz tlaaa taa ratai mwl. 



ar at-laax? 
■atvaifc 



■aa-atatlaB 



CBBBfll«7 

laalaa whtft 



- 4ba aatlaaa aabla a r aai airtlaa la 

aalacta* la accordance with aaea a aBUU j* 
c imui rj 'a a&aaaaraa for alaetrlfcal eaa— 
aactor* aid to flva alalam vtltaf* Ann 



Caaaalt? 



- tba tlnrlkatlon volttf* la ittamlaaa 
la aaaoioaBM aitt aacfe tematrj** ataa* 
aataa. Isa tranatomctioE ratie aat 
Vaac aa ttmai. and taa earrasvcadl&c aaa- 
•tatleaa aalaetad froa tfea aatalafaaa. 



UatciBsHflB 



fiUtTiBBtlBB VBltBf* 



- Ska bbm arltaria 
to aalact taa prlaaiT Bat vork ara rnaal 
to aalaet taa 
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PROCESS OF EQUIPMENT SELECTION FOR MHG 



Specification of MEG 



Selection of 
turbine 






Selection of mechanical 
transmission between 
generator and turbine 


i 




Selection o; 
controller 


f speed 



Purchase of 
equipment 



Selection of 




Selection of control 


generator 


■> 


panel 










r 






Selection of 






transformer 





Selection of primary 
network 



Selection of sub- 
station 



Selection of secondary 
network 



Installation 



* The selection process can also be started from the turbine. 
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7.5* 0PER1TXQH, KAIHTBTAWCE, AKD HEPAIE 

Operational characteristics depend mainly on: 

- She size of the plant; 

- Bie type of service; 

• She level of control automation; 

- The reliability of the equipment ; 

- She institutional structure of the electric power system. 

Assuming an NHG having a low level of automation, limited to the velocity 
and voltage regulators and the safety systems, and designed to operate only a 
certain number of hours a day, a single operator might be all that is required. 
For a continuously operating MSG, on the other hand, two operators working in 
shifts would be needed. 

Dies© operators must be able to perform their duties with competence and 
to handle tasks involving preventive maintenance and minor emergency repairs. 

in MHG operator must have at least basic knowledge in the following areas: 



• pandsmentals of industrial electrical systems; 

- Bench machining; 

- Welding; 

-> Administration; 

- Operational sequences. 



Maintenance and repair operations may be distributed as follows: 



ACT1VITI 



ptcpowstbilITY 



Preventive maintenance of equipment 
P r e ve n tive maintenance and general repairs to 
the civil engineering structures. 



Operator 

Operator with community support 



- General equipment repairs. 



- Major equipment repairs 



"Plying maintenance squads" of 
the electric utility and/or the 
operator. 

Specialized workshops or the 
manufacturers . 
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EEC CMMHIDATI CUTS FOE THE CIHIL HQBECS 



The regular inspections of the channels, diversion dams, spillways, control 
sluice gates, piping, and conduits are extremely important. The frequency 
of the inspections varies according to climatic conditions. 
During flood periods daily inspections must be carried out with a view to 
detecting threatening conditions caused by rising waters or slides. Such 
threatening situations may include: erosion of supporting pillars, unusual 
loads on the ducts at or along the riverbed, the accumulation of waste material 
at the grids or gates of the diversion dams v unacceptable erosion below the 
diversion dams, or abnormal dowhchannel water levels. 

Flooding may be more of a problem at low-head installations than at high-head 
plants for the reason that it may damage the dam and the generating units. 
Slide may damage the canals and ducts, in some instances filling them with 
debris and causing overflows and abnormally high sediment loads on the turbines. 
The inspections made during periods of emergency must be carried out by expe- 
rienced personnel who are familiar with the operation of the facility. 
The dam must be inspected annually in order .to make certain of the integrity of 
the dam itself and of its abutments. 

Any structural fissures or leakage through the dam or its abutments must be 
the subject of frequent and careful inspection for the purpose of detecting 
possible changes. 

Permanent bench marks must be made on the dam during construction for use in 
performing measurements designed to record the beginnings of any possible 
slippage or movement. 

Piezometers must be installed in the foundation of the dam, and their readings 
must be checked at least once a month for the purpose of detecting any sudden, 
changes in pressure below the dam. 
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B&aOCSTOATiaffS FOE THE EUC3BGKECHAITICAL EQUIFMMT 



- The machinery and valves must be regularly serviced so as to ensure 
that they Mill operate properly and reliably when required. 

- All gates and valves must be operated through their full range of 
travel at least once a month. 

- In the case of small plants, defective valves and gates may be replaced, 
with the defective parts taken to a central workshop for repair. This 
may also be done in the case of turbines, regulators, generators, and 
transformers when they are small enough. 

- In both high and low-head projects, the valves and gates must be test* 
operated at least once a month to ensure that they will perform reliably 
when required. If there are a number of gates, they should preferably 
be of identical design, and consideration should be given to the acqui- 
sition of a replacement gate to be used in the event of damage caused 

by floating debris or wear.. 

- Generators must be inspected every six months and disconnected once a 
year for preventive maintenance. 

- The turbines must be disconnected and inspected every year for faults. 

* The control panels must be inspected every four months and disconnected 
every year for preventive maintenance. 

* She busbars, especially their connexions, must be inspected every four 
months. 

* The transformers must be inspected every six months and disconnected 
every year for preventive maintenance. 

- The circuits must be inspected every six months and must be checked for 
faults at the time of the annual maintenance. 

- The substations must be periodically (every three months) checked for 
short circuits. 



7-6. COSTS 

In this section, a number of quantitative guidelines are discussed which 
may be used to estimate the costs of an MEG for purposes of planning and rough 
calculation only. She fact is that reliable cost predictions for specific pro- 
jects on the basis of over-all indicators are not possible, since each individual 
case requires a detailed cost analysis taking into account the project's parti- 
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The graphs presented "below indicate unit costs for the total HEG investment 
as well as for the three principal investment components: p re— investment studies, 
equipment, and civil engineering. As the curves in these graphs are based on 
available information pertaining to various Latin American countries, it is re- 
commended that the office responsible for MHG planning in each country should 
adapt them to their own actual in-country conditions. This can be done in at 
least an approximate way by experimentally determining certain correction factors 
for use with the graphs presented below. 

a) Unit costs of the total MHG investment 

Figure 23 shows the total unit costs for an MHG in dollars per kilo- 
watt of installed power for different power ratings (output) and beads. The 
table below outlines the elements and hypotheses considered in the preparation 
of this graph. 
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ASPECTS CONSIDERED IK THE PREPARATION OF FIGUEE 23 



- She data processed were drawn from 35 projects in three Latin American 
countries, the correlation factors with respect to the graph "being in 
the order of 70 per cent. 

- The lower curves, for the non-conventional technology option, were 
plotted fey adding the costs of the studies to those of the equipment 
and the civil engineering works (assuming domestically manufactured 
equipment ) . 

- The costs are based on I98O prices, whereby the data used were adjusted 
according to the indices given in Figure 2it, which is a very rough indicator 
of the variations in times employed in this manual. For specific cases, 

it is advisable to study the variations for each equipment component and 
the civil work costs according to the particular conditions given for each 
country. 

- The curves presented are of only relative statistical value, since in the 
case of specific projects one must expect significant variations from one 
country to another. 

- The variations from country to country may be due to the following factors: 

Availability and cost of labour; 
Availability and cost of materials; 
Equipment purchase and freight costs; 
Engineering costs; 

Geographical conditions end problems of access; 
Dollar exchange rates; 
Currency market conditions and controls; 
Variations in cost indicators over time. 
• Variations -with respect to each specific project are due to: 
Distances and access conditions; 

Physical conditions (geology, hydrology, geomorphology, soil 
mechanics, ecology, etc.); 

Significant differences in the scale of the civil construction. 

- Die graph refers to stations having only one electromechanical unit. 

- The definition of high, medium, and low heads is taken from the power 
and head classification of the Latin American Energy Organisation, which 
appears on page 7* 



(SBSfiBSjBS' 
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FIGURE 23 KEFEFETCE INDICATORS FOR UNIT INVESTMENT COSTS 




CONCLUSIONS TO BE DRAWN FfiOM THE TOTAL OTESTHOT COST CURVES 



MHG coste may vary between JUS l f 000 and 5? 000 per installed kV. 

Unit costs rise rapidly as power ratings decrease • 

Plants operating with low heads axe more costly than those with high 

heads. 

The use of non-convent ional technology for the civil construction and 
of domestically produced equipment and technology makes for lower unit 
costs than conventional technology and imported equipment. This advan- 
tage tends to become less significant as the power rises. 
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dCnSE 2** IKDEI FOE TEE VAEIATIOlv OP TEE KHC OTTESTKHrT COST IK 




"b) Pnlt costs of pre-invertmsnt studies 

As pointed out as section 5«4« , study costs are frequently dispropor- 
tionately high is tens of the total investment* For this reason, it is 
advisable to set limits to study costs as a percentage of the total cost of 
the project, 

For purposes of guidance, Figure 25 shows a proposed graph of madam 
desirable study costs as & function of plant output. Is actual practice, it 
is racoon) ended that each country plan these costs as part of its KHC policy 
and in accordance with the minimus depth and coverage cf the studies themselves. 
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FIGURE 25 STUDY COSTS AS A MAXIMUM RECOMMENDED PERCENTAGE OF 
TOTAL PROJECT COST, AS A FUNCTION OF MHG OUTPUT 




c) Unit costs of electromechanical equipment 

Figures 26 321(1 27 indicate the unit costs of electromechanical 
equipment in the case, respectively, of equipment imported from manufacturers 
in developed countries and equipment manufactured domestically using tech- 
nologies developed or adapted in the country and not subject to the payment 
of 'royalties. 

ITEMS INCLUDED JS THE ELECTROMECHANICAL EQUIPMENT 



- Turbine 

- Velocity regulator 

- Generator 

- Electrical control panel and instrumentation 

- Installation (excluding anchoring systems) 
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ASPECTS CGHSXD&BED IS SHE PREPARATION OF FIGURES 2o ana 27 



Hie data used in preparing Figure ^ were taken from 25 cases t 
"the curves having a correlation factor of 97 per cent. 
The data used in preparing Figure 27 were taken from 10 cases, 
with the equipment manufactured in a single Latin American 
country- The curves were plotted on the basis of Figure 2b, 
the correlation factor being lower than in that figure. 
She costs are given in I98O dollars and are based on an 
adjustment of the values given in Figure 2U. 
Variations from country to country may be due to: 

Freight and insurance 

Import duties 

Taxes 

Local transport 

Laws designed to promote industrial development 
Exchange rates 

Currency market conditions and controls 

Variations in cost indicators over time 
Variations from one particular project to another may be due to: 

Conditions of access and local freight charges 

Installation costs 
Implicit in the equipment costs is the selection of the optimum 
turbine type according to the head and power of the station 
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FIGURE 27 COST, FEB XH5TA1LED EXLOWATT, OF DOMESTICALLY MAHUFACTOEED 

EGUTPMEUT AND TECHNOLOGY 

Coat per 




10 Ut jcj two 

Output 

- (MO 



A number of general conclusions may be drawn from Figures 2b and 27 
for guidance in the selection of equipment. 

CONCLUSIONS OO BE 2RAHN PECK TEE UNIT-COST CURVES TOR ELK? IRCMEC HANI CAL EQUIFMENT 



. The unit costs of the electromechanical equipment fcr an KHG may 
vary between SUS 300 and 3,000 per installed kK of pover. 

- Unit costs rise rapidly for the lower power ratings. 

- Unit costs increase sharply as the head decreases (in the 
proportion of 3:1 for heads of 5 and 200 m T respectively). 

- Generally speaking, domestically manufactured equipment and 
domestic technology may be priced at one-half the cost of 
equivalent imported equipment and technology. 



d) Unit costs of civil construction 

Figure 28 shows the unit cost indicators for the civil works 
associated with on KBQ project, la we shall see later on, the diagram is 
intended for reference use only. 



issss ncxsmo) ubdsb civil vases 





Dsns and intake 




Canal 




Porebay 




Silt basin 




Penstock and anchoring 




Accessories (gates, grids , etc.) 




Machine room (power house) and equipment support systems 




Bus-off canal 



It should be noted that these cost elements do not include the power 
trtMnission and distribution systems. In the table below some of the 
factors involved in plotting the civil construction cost curves are discusses: 
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ASPECTS CGSSIDEEED 2J THE PEEP ARATI Off OF PICDSE 28 



The curves, which are cased on data for 25 simulated projects 
having a correlation factor of about 60 per cent, reflect the 
approximate correlation of the difference in total unit costs 
less the costs of studies and equipment . 

The variations from one specific case to another are very vide. 
The correlations for conventional technologies rest on the 
assumption that the technological conditions of the project 
are as described in Chapter Two (point "e", page 8 ). 
The correlations for non-conventional technologies rest on 
the assumption that the project's technological conditions 
are as described in the preceding section. 
The costs are given in 1<?80 dollars. 
Variations from country to country may be due to: 

Costs and availability of construction materials; 

labour costs; 

Geographical conditions and problems of access. 
Variations from project to project may be due tos 
The physical characteristics of the project 
(geology, geomorphology, hydrology, soil mechanics, 
canal length, topography, aggregate materials, etc.); 
Building methods; 
Depth of the engineering studies; 
Erperience in design engineering. 
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FIGURE 2t> MHG CIVIL CONSTRUCTION COSTS PER INSTALLED KILOWATT 



i 




Output 

figure 28 suggests a number of general conclusions regar ding the 
limits of application of the graph itself and the trends revealed in it. 

CONCLDSICIIS TO BE DRAW FROM THE CIVIL WORKS UETCT-COST CURVES 



— The curves are designed to provide only an approximate estimation, 
for use during the planning stage. For each individual project y 
satisfactory approximation requires physical surveys at the actual 
work site. 

— The unit costs of civil workB may vary between IUS 430 and 1,800 
per installed kilowatt. 

— Unit costs increase as the power decreases, but not as rapidly as 
for the electromechanical equipment. 

— The unit costs of civil works increase as the head increases, in a 
relationship that is thus the inverse (and also less marked) of that 
which exists between unit equipment costs and head* 

— ah other factors being equal, the use of non-conventional technologies 
is less costly than the use of conventional technologies, this advan- 
tage being greater for the lower power ratings. 
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8. INTERNATIONAL CO-OPERATION*' 

The principal possibilities for international co-operation in the 
MHG field lie in the areas of technology, training, studies, and con- 
struction. Co-operative projects may be undertaken at the world, re- 
gional, sub-regional, or simply the bilateral level. 

As used here, the term "international co-operation" extends to all 
types of international relations which are designed to pursue the mutual 
advantages of the co-operating parties and which are the subject of 
international agreements. 

International co-operation is based on the following principles: 

- Respect for the sovereignty of the parties; 
Equality of rights for all parties; 

- She voluntary participation of all parties; 

- Mutual assistance; 

- Reciprocal benefits. 

- B.l INTERNATIONAL ORGANIZATIONS OPERATING AT THE WORLD LEVEL 

The following are some of the organizations that are in a position 
to provide support in the development of MHG. 



This chapter is intended to be updated and expanded in the next edition 
subject to the collection of more detailed information on activities of the 
organisations mentioned in this manual. 
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ORGANIZATION 


AREA OP ACTIVITY 


United Nations Development 
Programme (UHDP) 


Financing of development plans, 
programmes, and projects. 


United Nations Educational, 
Scientific and Cultural 
Organisation (UNESCO) 


Co-operation in scientific and 
educational development programmes. 


World Meteorological Organization 
(HMO) 


Co— operation in meteorological and 
hydrological programmes on behalf 
of development orojects. 


International Labour 
Organisation ( ILO) 


Co—operation in training programmes 
for middle-level technicians and 
skilled workers. 


United Nations Industrial 
Development Organization (UHTDO) 


Co-operation in industrial develop- 
ment programmes; currently engaged 
in promotion of MHG programmes and 
implementing a number of projects 
in developing countries. 


International Bask for 
Reconstruction and Development 
(IBRD); World Sank 


Financing of development projects; 
grants short- or medium— term loans 
at interest to both the Governments 
of the member States and to public 
and private institutions, provided 
they have the backing of the Govern- 
ment of the country in question. 


Organisation of Petroleum 
Exporting Countries (OPEC); 
OPEC Fund for International 
Development 


Financial assistance for development 
projects, particularly in the area of 
alternative energy sources and on 
behalf of the countries most seriously 
affected by the petroleum price 
structure; currently financing an 
MHG programme. 



Problems which arise in relations with international organizations and 
methods for overcoming them: 



PROBLEMS 


REMEDIAL ACTION 


Poor selection of experts 

Failure to take full 
advantage of the 
expert's skills 


Request, by the national organizations, of 
a more extensive list of experts; provision 
of adequate and sufficiently detailed infor- 
mation to the international organization. 

Formulation of a detailed plan specifying 
the activities the institution wishes to 
have carried out, with this plan to be 
completed sufficiently in advance of the 
expert's arrival; assignment of a counter— 
part (or counterparts) sufficiently compe- 
tent to work with the expert. 



As part of their effort to promote the use of HHG, the international orga- 
nizations must lend their support to the establishment of local infrastructures 
in such areas as planning, studies, ' design, operation and maintenance, administra- 
tion, financing, and technological development. 

As a general rule, contacts with these organizations should be handled 
through their resident representatives in the individual countries. 

Among the international banking institutions with worldwide operations, 
mention should be made, in addition to the IBRD, of the Export-Import Bank 
(EXUtBANK) and the International Finance Corporation. 

8.2 REGIONAL ASD SUEREGIQNAL CO-OPERATION 

This form of co-operation may involve the areas of studies and construction 
and can be undertaken by a group consisting of more than three countries. In 
principle, the term "regional" refers to organizations operating on a continental 
or subcontinental basis, while "subregional" refers to groups of countries within 
a less extensive geographical zone. 



OBGAHT ATIOS 


AHEA OF ACTIVITY 


Organization of American 
States (OAS) 


Advisory services, consultation, and 
support for economic development 
projects. 


Common African and 
Mauritian Organisation 
(OCAH) 




Afro-Asian Organization for 
Bural Beconst ruction 




East African Cosmos Services 
Organization 


Trade, financing, and studies of social 
problems • 


Organization of Central American 
Statea (OCAS) 


Seeks solutions tcr common problems and 
promotes economic, social, and cultural . 
development through concerted co- 
operative action. 


Organisation of African Unity (OAU) 


Has a Commission for Scientific and 
Technical Research. 


Latin American Esergy 
Organization (OLABE) 


Is conducting a regional—level HHG 
programme- 



Special mention should be made of OLADE's work in promoting, co-ordinating, 
and advising on HHG projects and programmes, as well as its activities in other 
energy areas. 

It is extremely important that all the supporting organizations carry out 
their work within a framework of co-ordination, promotion, and consultation, in 
order that they may contribute to the strengthening or establishment of the 
necessary infrastructure in the various countries. 
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Among the regional banks T the following in particular might be mentioned: 



BANK 


PURPOSES 


African Development Bank 


Its purpose is to contribute to the 
economic development and social 
progress of its members. It has 
established an African Development 
Fund. 


Asian Development Bank (ADB) 


Unlike the African Development Bank, 
this bank has extra-regional sub- 
scribers in addition to those from 
within the Asian region. It grants 
loans for infrastructure investments. 


Central American Bank for 

Economic Integration ( CASES. ) 


The principal financing institution 

f ot ^ Via C#*n^ t*aJ IniATtieflR Tat ftgv*jri i #tn 

» wCUbreM JUIIfJiX^A Wen* AMVOgTftvAUU 

Programme and the main lending 
institution for regional economic 
development. 


Inter-American Development 
Bank (IDS) 

J 


IDB's purpose is to promote the 
development of the member countries, 
individually and collectively, through 
the financing af development and 
technical-assistance projects; currently 
studying the financing of MHG projects 
in several countries. 


8.3 BI LATER! AL C0-OPEBATI0B 



In the case of bilateral technical co-operation, particular care and 
attention must be given to how the objectives and scope of the programme are 
defined, in order to avoid hidden forms of technology sales governed by commer- 
cial objectives. Where this is unavoidable, the negotiating terms with respect 
to the purchase of the technology must be explicit and clear; moreover, the 
conditions of the agreement must be favourable and must not involve, under 
the guise of an assistance programme, the granting of any exclusive rights. 
Similarly, in all cases of international technical assistance, the means by 
which the know— how in question is tc be effectively assimilated by the recipient 
party must be clearly set forth. It is of vital importance that the counterpart 
receiving the assistance be perfectly clear as to the objectives and that a 
work programme be prepared in advance, the counterpart's qualifications must 
be sufficient to enable him to assimilate effectively the knowledge being 
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Developing countries may request bilateral assistance through their 
diplomatic missions or commercial attaches. 

As a general rule, it is to be recommended that, in order to deal both 
with KHG projects and with other matters of technology and co-operation, 
the developing countries should create a government office for foreign tech- 
nical assistance to be responsible for co-ordinating international co-ooeration 
in the country and advising the organisations affected on how to make the best 
possible use of this assistance. 

8.4 NON-GO VEHfltEJT TAX ORGANIZATIONS 

According to the definition used by the United Nations, non-governmental 
organizations are international organizations which have not been established 
on the basis of agreements between Governments. 

The United Nations Economic and Social Council has devised procedures 
governing consultative co-operation for a number of non-governmental organi- 
zations of interest to the Council. 

In 1975 there were 2,500 non-governmental organisations, a number of 
which were active in the area of science and technology. The Non-Governmental 
Organizations Section of the Department of Public Information of the United 
Nations Secretariat is responsible for co-operation with these bodies. It 
also convenes the Conference of Non-Governmental Organizations, which has its 
headquarters at Geneva and functions as the permanent organ of the non— govern- 
mental consultative organizations. 

For the purpose of ascertaining which of these organizations are engaged 
in KHG programmes, they may also be contacted through the information services 
of the various countries at their diplomatic or consular missions or their 
information centres abroad. 

Non-governmental organizations may suffer from limitations in the following 
areas: financing, constitutional or policy restrictions on activities, lack 
of acceptance by certain Governments, etc. 
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AHUEX A 

REFERENCES USED IK THE MANUAL 

1. "EL Desarrollo de Fequefias Centrales Hidroelectricas en Latinoamerica". 
OLADE, Quito, Agosto de 1979. 

2. "SituaciSn y Perspectivas de la Tecnologia y Equipamiento para 
F.C.E. en Latinoamerica" . (E. Indacochea, R. Trejos, F. Cuenca, y 
C . Hernandez ) . OLADE , Quito , abril de I960 . 

3. ''Requerimientos y metodologla para la implementacion masiva de F.C.E. 
en Latinoamerica". (E. Indacochea, 0. Chaquea, L. Machado, R. Vargas, 
M. Fleites, E. Enriquez, F. Ferran, L. Haro, S. Mane ilia ) . OLADE, 
Quito, .junio de I98O. 

1*. "Metodologla sintetica para el calculo y especificacion preliminar de 
microcentrales hidroelectricas". f Enrique Indacochea). OLADE, Quito, 
Julio de 1980. 

5. "Manual de microgenerac'ion hidraulica". (Sergio Valverde y 

A. M. Martinez). Instituto de Invest igaciones Electricas ClIE) , Mexico, 
1978. 

6. "Viabilidad de las Microcentrales Hidroelectricas en Colombia". 
CO. Chaquea, J. Lobo Guerrero, J. D. Burton y C. Casashuenas ) . 
Fundaci6n Mariano Ospina Perez, Colomhia, 1979. 

7. "Problema'tica del Desarrollo de la Tecnologia de Microcentrales 
Hidroelectricas y su contribucion a la Eleetrificacifin Rural". 

CE. Indacochea). Instituto de Invest igac ion. Tecnolfigica Industrial 
y de Nomas Tecnicas (1T1WTEC) , Peru, Junio de 1979. 

8. "Desarrollo Tecnol6gicos para el Equipamiento de F.C.H." Instituto 
de Investigaci6n Tecnologica Industrial y de Normas Tecnicas 
(ITTRTEC) , Peru, Abril 198O. 

9. "Estudio del caso de la Microcentral Hidroelectrica Piloto de 
Ohrajillo*'. (Enrique Indacochea). Institute de Investigaciones 
Tecnologicas Industrial y Honnas Tecnicas (ITTHTEC) , Peru, 
Septiembre 1979. 
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10. "Seminar-Workshop on the Exchange of Experiences and Technology 
Transfer on Mini Hydro Electric Generation Units"; draft Report 
UTCIDO, Nepal, September 1979. 

11. "Seminar-Workshop on Mini Hydroelectric Power Generation at 
Katfcmandu, Nepal". Norwegian Water Resources and Electricity 
Board (WE). Oslo, August 1979. 

12. "Swedish Development of Mini Hydro Electric Generation Units". 
Englesson Swedish Capabilities for Assistance 1979. 

13. "Guia para la elaboracion de proyectos de P.C.H. destinadas a 
la electrificacion Rural del Peru" (Nozafci). Ministerio de 
Fomento y Obras Publicas. Peru, Julio de 1968. 

Ik. "La Electrificaci6n en Colombia". Instituto Colombiano de 
Energia ELectrica (ICEL). 1977-1978. 

15. "Plan Nacional de ElectrificaciSn con Pequeflas Hidroelectricas". 
Consorcio Hidroelectrico 5. A. Programa de Naciones Unidas para 
el Desarrollo. Ministerio de Energia y Minas. Peru 1979* 

16. "Programa de Desarrollo de P.C.H. en Panama", Institute de 
Recursos Hi dr aula cos y Electrificacion en Fanama. Noviembre 1979* 

17. "Reeonoeimiento de PequeHos Aprovechamientos Hidroelectricos en 
la regi6n este de la Republica Dominicana". Corporaci6n de 
Presas del Este (CPE). Republica Dominicana. Febrero 1977. 

18. "Development of equipment for harnessing Hydropower on a Small 
Scale". CV, Meier). Balaju Yantra Shala Put Ltd. and Swiss 
Association for Technical Assistance. Nepal, September 1979. 
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Colombia 1979. 



- 151* - 



3. "Plan de microcentrales en Colombia" por Mercy Blanco de Monton. 
Grupo ds Trabajo para el Programa Perspectivas del Desarrollo 
de P.C.E. en America Latina 1979. 
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lk m "Plan de Implementacion de Microcentrales Hidroelectricas" por 

Ing. L. Galarza. Instituto Ecuatoriano de Electricidad. H3ECEL. 
Ecuador I960. 
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16. ''Seminar-Workshop on the Exchange of Experiences and Technology 
Transfer on Mini Hydro Electric Generation Units. Prospect of 
Mini Hydro Pover Development in Bangladesh" "by W. Choudhuri . 
Power Development Board, Nepal, September 1979 ■ 

IT. "'Seminai'-Workshop on the Exchange of Experiences and Technology 
Transfer on Mini Hydro Electric Generation Units. Mini Hydro 
Pover Development Program in Burma". Nepal, September 1979. 
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Brasil. ELETROBRAS. Brazil, 1979- 

20. "Mini power stations - Small Hydro Power 100-1 500 kW" by VAST, 
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ANNEX B 

BASIC CALCULATIONS 

This annex illustrates the steps involved in preparing a mini -hydro- 
electric power plant project, using as an example the 16-kW pilot plant 
project at Obrajillo, Peru. 

It should be noted that this project was carried out for research 
purposes and that an existing irrigation channel was used in the design of 
the plant. 

A flowchart indicating more or less typical steps that might be ex- 
pected in a given project is presented on the following page. 



Mm 
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SEQUENCE FLOWCHART FfcE A SPECIFIC PROJECT 



Survey study 

I 

w 

Determination of current electricity 
demand for ten-year projection 




Preparation of Bite and engineering 
studies (intake, ca&«J. T silt basin, 

fere bay, penstock, power house ) 
and studies on alternative building 
technologies. 



Selection of alternative for equipment 



Design of transmission and distribution line 












Civil works and installation 





I 



Startup 
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The procedure described below was followed in designing' the project. 
Demand study 

The community to be supplied with electric power had a population of 
595 inhabitants and a growth rate that could be considered zero, since 
according to statistics there had been no population increase in recent years 
as a result of migration to the city. 

The town had a bakery which obtained its required electric power from a 
head -engine-powered generating unit. There was also a small dairy plant which 
had its own similar power supply. It should be noted that the town in ques- 
tion lacked any street or house lighting. 

In order to determine what kind of power would be required from the 
future hydraulic power plant, the following factors were considered: 

- The power consumption by the bakery occurred between 3s CO and 7:00 a.m. 
in the morning; 

- The power consumption by the dairy enterprise occured only between 
8:00 a.m. and 6:00 p.m.; 

- House lighting was to be provided only during the period from 6:00 
to 10:00 p.m.; 

- Street lighting was to be provided only between 6:00 and 10:00 p.m. 

On the basis of these factors it was ascertained that the generating 
plant* s maximum load would be determined by the street and house lighting. 
This consumption was calculated using a figure of 25 watts per inhabitant, 
yielding an approximate required power of 16 kW (provision was made for the 
possibility of further expansion to permit a higher installed capacity per 
inhabitant). 

Resources study 

In the case of this project a canal was already available, which 
followed a course near the town and ttas used for irrigation. This canal 
draws its water from the Chill 6n River, whose minimum annual discharge is 
1.2 mV sec » 
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The water for the canal is obtained through an intake which is cleared 
and otherwise maintained every year, after the high water, "by the town resi- 
dents as a community activity. 

The first step was to locate a fall, which was subsequently levelled 
using topographic techniques. On the basis of the head determination (56*5 O 
and the required generator power (16 kW), the water flow was established 
an p simultaneously the optimum diameter for the penstock was selected* With 
the 8— ince PVC pipe selected, the result was a net head of 55*3 m and a 
maximum discharge of 0.046 mV sec *t derived from the following formula: 

P 

" 9-807 1 H n 

where 

P is the generating power (16 kV); 

H is the net head (35-3 n>); 
n 

^ is the total efficiency of the plant (62 per cent), selected from the 
table below. 

Once the discharge had been determined, a hydraulic analysis was 
carried out in order to determine whether the capacity of the canal was 
sufficient to supply the plant and provide for irrigation at the same time. 
This study made it possible to identify certain critical zones where the 
canal had to be widened. 

TOTAL EPPICIHICT OP KIUT-POVffia PUUTS {%) 



Turbine type 

Power (kW) Pelt on Michell-Banki Francis Axial 



Up to 50 56-65 54-62 59-65 58-66 
50-500 65-69 62-65 66-70 66-70 
500-5,000 69-73 65* 70-74 70-74 

* Tne Kichell-Banki turbine operates to a maximum power of 1,000 ktf. 

The above figures take into account generator efficiency, which is 
low in the case of the lower power ratings. 
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Site selection and design of the civil structures 



The existing' intake had to be improved so as to make it possible tc 
regulate the admission of water into the irrigation canal. 

Die critical zones of the canal were reinforced and widened in order 
to provide the necessary capacity. 

A fore bay was built, which simultaneously functioned as a silt basin 
and provided a way of returning; the overflow to the irrigation canal. 

An appropriately anchored PVC penstock was designed. Although the 
recommended procedure is to bury a line of this kind, the pipe in question 
was installed above ground so as to make it possible to test it for perfor- 
mance and weather-resistance, and also to test a number of protective coating 
materials. 

Selection of equipment 

(a) Selection of the generator 

(The guiding assumption was the need for 16 kW generation output. On 
this basis, the specifications called for a 20-kVA alternator with a power 
factor of 0.8, generation voltage of 220 7, and generation frequency of 60 
Hs. This generator satisfied the maximum power requirement. The rotation 
speed of the alternator was 1800 rpm. As a research alternative, an asyn- 
chronous generator was also installed, with a bank of condensers to permit 
independent operation. 

(b) Selection of turbines 

Since it was designed to operate as a pilot plant, one of the aims of 
the Obrajillo project was to study and develop a technology for low-specific 
speed turbines. The specific speeds of various turbine types are shown in 
the following table. 



SSLBCTCCTC OF TOE5DTES ACCORDING 
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TO THE SPECIFIC 


SPEEDS 




lurbine type 







u 

max admissible 


Single-nozzle Peltczi 

Two or multi-mozsle Pel ton 

Michell-Banki 

Slow Francis 

Formal Francis 

Fast Francis 

Propeller and Kaplan turbines 


10 to 29 
29 to 59 
29 to 220 
59 to 124 
124 to 220 
220 to 440 
342 to 9B0 


3 to 9 
9 to 18 
9 to 68 
16 to 38 
38 to 68 
68 to 135 
105 to 300 


1800 to' 400 
400 to 350 
200 to 80 
350 to 150 
150 to 80 
80 to 20 
35 to 5 


Die re are two expressions for the calculation of the specific speed. 
The first depends on the efficiency of the turbine and is written in the 
form: 


F ■ 

B 









where* 

P is the net power t in hp; 

is the net head, in m; 
F is the speed, in rpm. 

Bie aeoond expression for specific speed makes it possible to arrive 
at efficiency-independent similitude criteria and is written as: 

I m F § J. 
« H n 3/4 

where s 

Q is the flow, in m^/mrnc, 

With an eye to low specific speed, it was decided for this project to 
use Pelt on and Michell-Banki turbines, which were to operate under the same 
head and flow conditions. 

In order to ensure that, while operating under these conditions, the 
turbines would perform within their customary specific rpm range, it was 
necessary to determine suitable runner diameters to make possible an optimal 
rotating speed for the turbine. 
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In the case of the Michell-Banki turbine: 




where: 

"S is the rotating speed of the turbine , in rpra; 

H ie the net effective head, in m; 
n 

D . is the external diameter of the runner, in m. 
ezt 

For the Pelt on turbines 

D 
P 

where: 

D is the diameter of the Pelt on runner, in m. 
P 

Eunner diameters of 200 ran for the Miehell-Banki and 600 mm for the 
Pelt on turbine were adopted, making it necessary to use a mechanical belt 
transmission system between the turbine and the alternator. 

Design of the power house 

For this project, an existing mill, large enough to accommodate the 
equipment aud carry out re search f was used as the power house. 
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LIST OF SYMBOLS AHD ABBKEVLATIONS 



if Watt 

kW Kilowatt 

MW Megawatt 

kWh Kilowatt hour 

kWh/gal Kilowatt hour per gallon 

m /s/km Cubic meter per second per square kilomet 

m^/sec Cubic meter per second 

mos/yr Months per year 

inhab/km Inhabitants per square kilometer 

gal Gallon 

hr Hour 

m Meter 

km Kilometer 

MEG Mini-Hydro Generation 

ESC Extension of an Exist irg Grid 

T1RIDO United Rations Industrial development 

Organization 

OLADE Latin American Energy Organization 



